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PREFACE 


In writing this book it has been my purpose to present the more 
important facts of biochemistry, as related to the animal body, in a form 
which will be understandable to a student with a limited preparation in 
chemistry and ^biology. However, this book presupposes at least a 
brief course in brganie' chemistry. It is an outgrowth of courses given 
to undergraduate students in biochemistry, home economics, premedi- 
cine, chemistry, bacteriology, and agriculture. 

It is my opinion that a thorough knowledge of the chemistry of bio¬ 
logical compounds is a prerequisite to an understanding of biochemistry. 
For this reason more emphasis is placed on the chemistry of the carbo¬ 
hydrates, lipids, and proteins than is found in many of the elementary 
hooks in this field. 

Since laboratory work is usually an important feature of a course in 
biochemistry, I have felt justified in presenting considerable material 
with laboratory work in view. Many of the questions which students 
ask in the laboratory are answered in the textbook. In this way, I 
believe, lecture and laboratory work arc more closely tied together. 

It has been my experience as a teacher that the undergraduate student 
makes very little use of references for substantiating statements or for 
the purpose of stimulating outside reading. For this reason only a few 
of the more important general references are included at the end of each 
chapter. If the student refers to these books, he will find in most of 
them rather complete bibliographies on the subjects concerned. 

Many of the subjects considered in this book are controversial. I 
have attempted, however, to avoid controversy as much as possible, 
since in a brief book such as this it seems unwise to confuse the student 
with arguments pro and con. I have thought it best to leave these for 
the more comprehensive books used in advanced courses in biochemistry. 

Since the publication of the last edition of this book in 1939, many 
advances have been made in biochemistry. In the prasent edition I 
have attempted to bring the subject matter up to date. Many sections 
have been rewritten, and some have been enlarged for clarity. 

In introducing the discussion of stereoisomerism I have taken the 
liberty of using glyceric aldehyde in place of the conventional lactic 
icid. Since it now appears that d-lactic acid is levorotatory, it seems 
n me that its use as a type compound leads to unnecessary confusion. 
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Furthermore glyceric aldehyde is an important compound from the 
8tandix>int of earlx)hydrate configuration. 

In the chapter on carls'liydrates more space has been devoted to 
the mil)j(*ct of cellulose and its derivatives, in the chapter on foods the 
discussion of minerals has Ix'cn enlarged, and in the chapter on enzsmics 
the enzynu's as.s(K*iafod with biological (jxidations and reductions have 
Ixxm dlscusswl in mor(> detail. Tlx* cluipters on metalKdism have been 
marie to confijrm with newer knowledge resulting from isfrtopc* studies. 
A section on chemotheraf)y, in which the sulfa drugs, ix*nicillm, and 
other antii>acteriiils are di.scus.sed, has been added to the chapter on 
bkxxl. 'I’he chapt(*r on vitamins has Ixs'ii (mlarged to include several 
of tlx' newly discovered dietarj’ factors. 

Finally, a rather coiiiprelu*nsive .s(>t of review (jw'stions has IxH'n 
added to each chapter. Th(«se (pie-stions are factual in nature, and the 
student .should ha\'o no difficulty in answering them after studying the 
text. I have found the.se (luestions vrsy useful in my own teaching. 

I wish to take this op|X)rf unity to express my appri'ciation for the 
many criticisms and sugge.stions which have Ihk'U stmt im* and which 
have Ixs'ti veiy helpful in the preparation of this new edition. 1 also 
wish to thank Dr. It. A. Dutcher and Dr. X. It. (luerrant for their .sug- 
g«*.stion.s conc(‘ming tlu* chapter on vitamins and Dr. M. \V. Li.s.se for 
his criticism of the chapter on phy.sieul chemistry. 

Akthuk K. .Vndkkso.v. 

St.VTK (’OI-liKOK, I’knnsylv.vnia. 

S(’|)lcinU>r, lIMt) 



CONTENTS 


I. Introditction. 1 

II. Physical Chemistry. 4 

III. Carbohydrates. 41 

IV. The Lipids. 92 

V. Proteins. 120 

VI. Mineiml and Organic Foods. 148 

VH. Enzymes. 162 

VIII Digestion in the Morm. 179 

IX Digestion in the Stomach. 183 

X. Digestion in the Intestine. 190 

XI. Absorption. 197 

XII. Caubohvduatk AIiyrAHOMsM. 204 

XIII. Lipid Metabolism. 217 

XIV. Protein atetabolism. 226 

XV. Calorimetry. 241 

XVI. C'oMPOsiTiON of Tissces. 251 

XVII. Blood. 261 

XVIII. The Trine. 291 

XIX. Endocrine Organs. 308 

XX. Vitamins. 330 

Author Index. 371 

Subject 1 ndex. 373 


vii 


























CHAPTER I 


INTRODUCTION 

Every student of organic chemiatry is familiar with Wohler’s epoch- 
making discov(*ry in 1828 of the synthesis of urea from ammonium 
cyanate. The significance of this discovery was not that a difficult 
organic synthesis had been performed, but rather that it set aside 
important conceptions regarding the nature of organic compounds. 
Before Wohler’s discovery organic chemistry concerned itself with the 
compounds found in living matter, that is, in plants and animals, and it 
was thought that these compounds lx)re little relationship to what we 
now know as inorganic compounds. In fact, it was felt that the com- 
poimds found in plants and animals owed their origin to some mysteri¬ 
ous vital force which was beyond the scope of human intelligence. 
Urea was a typical organic compound, according to these early concep¬ 
tions, since it was the main nitrogenous constituent of human urine, 
whereas ammonium cyanate was classed as an inorganic compound. 
The synthesis of urea by simply boiling a solution of ammonium cyanate 
showed that organic compounds could be made in the laboratory and 
that a vital force was unnecessaiy. 

Most of the compounds found in plants and animals contain the 
element carbon, so that, even according to the old conception, organic 
chemistry dealt mainly with carbem compounds. Since Wohler’s synthe¬ 
sis of urea hundreds of thousands of carbon compounds have been synthe¬ 
sized in the laboratory, and most of them are in no way associated with 
living things. Today all carbon compounds are included under the head 
of organic chemistry, which has been defined as the chemistry of carbon 
and its compounds. The chemistry of the carbon compounds found in 
plants and animals has become a minor part of organic chemistry. 

The branch of chemistry which we are about to consider resembles 
in many ways the old conception of organic chemistry in that it deals 
with the chemistry of living things. It is called biochemistry. Much 
of the earlier work in this field was done on animals and is an outgrowth 
of the study of animal physiology. For this reason it has been known as 
physiological chemistry. More recently much work has been done on 
the chemistiy of plants, and some investigators have chosen to call this 
branch of biochemistry phytochemistry. 

1 
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INTRODUCTION 


At one time it was thought that plants and animals were distinctly 
different in the tjrpes of chemical reactions taking place in their tissues. 
Those going on in plants were considered to be mainly synthetic; those 
in animals, mainly dcicomixjsitional. In other words, plants were chiefly 
concerned with building up complex compounds from the simple raw 
materials obtained from the soil and air; animals, with the transforma¬ 
tion of complex foods into materials for the growth and repair of body 
tissue and the production of h(‘at and energy. We now know that this 
difference is mainly (juantitative, since, under conditions unfavorable for 
synthesis, plants oxidize* th<Mr r(*sc»r\'e food supplies, just as animals 
oxidize their fo<»ds. Also animals are constantly synthesizing complex 
compounds from the simple molecules resulting from the decomposition 
of foods ill the body. 

Thus, then* is no fundam(*ntal difference between the chemical proc¬ 
esses going on in animals and jilants which would n(*cessitate a sub¬ 
division of bio(*h(‘miMry. Doth animals and plants arc made up of cells, 
and every living ct*l[ is filled with a jcdlylike, viscous substance called 
protoplasm, whi(‘h is fundamentally the same whether it is found in ani¬ 
mal or plant c(‘lls. Protoplasm is the basic substance concerned with 
life. Biochemistry them b(*comes the study of the composition of proto¬ 
plasm and th(* chemical chang(*s which take place in it. 

It is difficult to compose* a concise definition of living matter which will 
distinguish it from lit’(*l(*ss material. I'l'rhaps such distinction can best 
lie made by inenticming c(‘rtain proper!i(*s which are common to all living 
matter but ar(* foj- tlu* mo^t ])art lac'king in lifeless material. First, 
livdng things have* the ]iowt*r w’ithiii th(*mM^h to move. This ability is 
very evident in animals, which may move Irom i)lace to i)lace. It is less 
evident in plants, Init a study <»f their habits by means of higli-specd 
motion ])ietures has revi'aU'd staHling movenu'nt in plants also. The 
opening of the flowei-s of tlu* four-o'clock (*ach aft(*nioon is a good t*xample 
of motion in a plant. St'cond, living things grow; they increase in size, 
not {US a stone in tlu* bottom of a ere(*k may enlarge by deposition of 
material upon it, but from within, by increase in tlu* size or the number 
of cells. Third, living matter is irritable; in other words, it responds to 
stimuli. A living animal nu'ives if ])neked with a pin; a dead one does 
not. Tlu* s(*nsitiv(' plant clost's its leaves in rcvsponse to a touch, and 
plants in the dark grow' towjird light. Fourth, living matter has the 
jK)wer of reproduction. Living matter which is at pix\s(*nt on the eart,h 
<*itlu*r must havt* (‘xist(*d for(*ver or must have b(*en a product of repro¬ 
duction from some pio-existing organism. We know that the second 
alternative is the only masonable explanation. Fifth, living matter is 
constantly undergoing chemical changes known as metabolism. All the 
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properties of living matter which have been mentioned are the results of 
metabolism. Growth is the result of the absorption of food and its 
conversion into new’ tissue. Motion requires energy, which comes from 
the oxidation of foods. The oxidation of foods, which involves the 
utilization of oxygen and the liberation of carbon dioxide, is a prominent 
phase of metabolism known as ret^piraiion. Even apparently lifeless 
tissues like those in seeds, vegetables, and fruits have perceptible respira¬ 
tory exchanges. An important feature of the metabolism going on in 
protoplasm is that it is regulated. Chemical changes do not take place 
in a haphazard manner; they are of a nature suited to the needs of the 
particular process going on in a given mass of protoplasm. Of the five 
properties of living matter just mentioned, metabolism and reproduction 
are perhaps the most universally accepted criteria of life. We may, 
then, define living matter as something which has the power of motion, 
growth, irritability, reproduction, and metabolism. No lifeless thing 
has all these properties. 

Because of the i*emarkable properties which protoplasm exhibits, 
some very rare elements might be expected in its make-up. As a 
matter of fact, protoplasm is composed of the commonest elements which 
are found on the caith. Perhaps the most striking thing about the 
comiiosition of protoplasm is its high w^ater content. The amount of 
w’ater present varies from 70 to 90 per cent. In general, wc may say 
that the more reactive i)rotoplasm is, the higher is its water content. 
Inorganic elements in the form of common salts are found in relatively 
small amounts. About 1 per cent of protoplasm is ash, which is com¬ 
posed of .sodium, potassium, calcium, magnesium, iron, phosphates, 
carbonates, sulfates, and chlorides in comparatively large amounts, 
together with traces of such elements as copper, manganese, zinc, silicon, 
tin, and iodim*. 

From 10 to 25 per cent oi protoplasm is made up of organic matter. 
This material may he divided into four main clas.ses of compounds, 
namely, the carbohydrates, the lipids, proteins, and a miscellaneous 
group of compounds commonly called extractives. 

REVIEW QUESTIONS 

1. What achievement of Wohler’s in 18^ chanRod the conception of the nature of 
organic chemistry? 

2. Define organic chemistry, biochemistry, physiological chemistry, and phyto¬ 
chemistry. 

3. Name and discuss the propert les of living matter. 

4. What are the important constituents of protoplasm? 
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PHYSICAL CHEMISTRY 

In order to discuss intellij^cntly the subjects which are to follow, 
certain fundamental facts which lx‘long to the field of physical chemistry 
should be considered. 

Properties of Water of Biological Importance. Protoplasm, as was 
pointed out in Chapter I, contains from 70 to 00 per cent of water. 
Many of the })ropeTties of water are extremtdy important in biology. 
One of the most biologically significant projxTties of water is its high 
specific heat. By specific heat is meant the nunilxT of calories needed to 
raise the temperature oi 1 gram of a substance 1 ®(\ More than ten times 
as much heat is r(*fiiiired to raise the temperature of a given weight of 
water 1“ as is required to raise the t(miperaturc of an ecjual weight of 
copiier the same amount. In fact, it takes more heat to raise the temper¬ 
ature of a given weight of water 1®C\ than it docs for almost any other 
known substance* Likewise, water gives off more heat when it cools 
than any othei substance. 

Water also has a high heat of vaporization. By heat of vaporization is 
meant the heat lecjuired to change 1 gram of a liquid into a gas at the 
same tempc'rature. More than two and one-half tim(*s as much heat is 
required to convert 1 gram of water to a gas as to change 1 gram of ethyl 
alcohol to a gtis. It re(iuires 531) calories to convert 1 gram of water at 
10()°C\ to a gas. ^^'hen we perspire and water evaporates from the sur¬ 
face of the body, then* is a cooling effect. Thesi* projierties of w^ater arc 
undoubtedly of extreme im|K)rtance to an animal in the functioning of its 
heat-regulatory mechtuiism. ^^'ater is the k'st sub.stance we could have 
in our Ixidies to aid us in maintaining a constant temperature. It is a 
mmarkable fact that body temperature n*mains fairly (*onstant in health, 
and the fact that our bodies have such a high water content undoubtedly 
is responsible to a considerable degrei'. 

Another proiH*rty of water w^hich is of great advantage to a living 
organism is its ability to dissolve substances. No other knowm liquid i. 
such a universal solvent as water. Since all the substances which com¬ 
prise pi*otoplasm art* more or less soluble in w^ater, water makes an ideal 
medium lor (*arrymg nutrients to and waste products from the cells. 
Protoplasm may be regarded as a combination of a true and a collodial 
solution of its various constituents. 
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Properties of Solutions. Osmotic Pressuae. If it is true that 
protoplasm is a solution of its components in water, a knowledge of 
some of the properties of solutions should be helpful in understanding 
what is going on in protoplasm. In many respects a substance in 
solution conducts itself as though it were a gas. It will be recalled that 
in elementary chemistiy much stress is laid on the gas laws. One of 
these, known as Avogadro’s law, states that 
there is the same number of molecules in equal 
volumes of all gases at the same temperature 
and pressure. It will also be remembered that 
1 gram molecule of any gas at 0®C". and I atmos¬ 
phere of pressure (7G0 mm, of mercury) occupies 
22.4 liters. n 

If a solution containing in 1 liter of water 1 CC 

gram molecule of a substance which does not ^ 

ionize is placed in a semipermeable membrane 
(that is, a membrane* pt*nneable to water but 
not to the dissolved substance) and then the Qo 

membrane is placed in water, it will be found pj | 

that water will pass through the membrane and 1 fl 

dilute the solution. A common method of pre- '-fl 

paring such a membrane is to take a porous cup I 

and deposit in its pores copjx*r ferrocyanide. I 

This is done by filling a porous cup with a solu- l—JI 

tion of CuS ()4 and suspending the cup in a solution fio. 1. Apparatus for 

of K 4 Fe((^N) 6 . As the two solutions meet in measurement of osmotic 
the pores of the cup, they form a precipitate presbure. The porous cup, 
of Cu 2 Fe(CN) 6 . The copper ferrocyanide be- Cu 2 l'e(CN )6 

comes the membrane, which is given rigidity by 

the porous cup. If this membrane is filled with ^lon to bo u*sted. B is a 
the molal solution described, the ojxjning Ls s(*aled mercury manometer. D 
with a manometer, a device for measuring pres- is a glass tube which is 
sure (see Fig. 1), and the cup is placed in watt*r, the level of 

it will be found that a pressure* of 22.4 atmo.s- 

pheres will develop in the cup if the volume is solution in A. The cup 
kept constant. If the oxi)eriment is repeated A is placed in distilled 
with a solution of such concentration that ] water. Prom Iniroduc- 
gram molecule is dissolved in 22.4 liters of water, P^aiolog^ Chem- 
the pressure will be 1 atmosphere. This pres- ^ » y- 

sure is called osmotic pressure and may be defined as the pressure 
which must be applied to a solution to prevent an increase in volume 
when the solution is separated from water by a semipermeable mem- 
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brane. The passage of water through a semipermeable membrane into 
a solution is called osmosis. 

From the example's just given, it will appear that a substance in solu¬ 
tion acts very much like* a gas with n‘spc*ct to the volume occupied by a 
gram molecule and the pn'Hsun* exertc'd. In i)hysical chemistry a com¬ 
mon method for determining the molecular weight of a substance which 
can b(! converted into a gas is to measure' at a known temperature and 
pressure the volunu) occupied by a given weight of the substance when 
converted into a gas. From this figure the weight of a substance neces¬ 
sary to give a volume of gas of 22.4 liters at ()°(\ and 760 mm, pressure 
can \h) calculat'd, and the result is the mok'cular wc'ight of the substance. 

In a similar manner an osmotic-pressun' iiK'thod may be used for 
determining the' molecular we'ight of a subst ance which is soluble in water. 
All that is nc'oessary is to dissolve a known weight of a substance in a 
known volume of water and detc'rmine the osmotic pressure of the solu¬ 
tion. From the data obtained, the w('ight of the substance which, when 
dissolved in 1 liter of water, will give' an osmotic prc'ssure' of 22.4 atmos- 
pheri'S can easily Im* calculatc'd by simple proportion. The rc'sult will be 
the molecular weight of substance'. For examplo, if 10 grams of a 
mbstance which dex's not ionize, dissolve'd in 1 litc*r of watc'r, gives an 
osmotic pressure of 1 atmosphen', 224 grams in a litc'r will give an 
osmotic pressure' of 22.4 atmosphen's. Ilenci' 224 is tlu' rnok'cular 
weight of the substance'. 

Many theories hav(' been advanec'd to explain osmotic prt'ssure, but 
none seems to be entin'ly satisfactory. It dots a])p(‘ar, howevt'r, to be 
related to the attraction which t'xists Ix'twc'en a substance in solution 
and the solvent. When a substance in solution is st'parati'd from w^ater 
by a sc'miiK'rmeable membrane, water undoubt(*dly passt's both in and 
out of the membrane. Because of the attraction of tht' solute for the 
solvent, water passes in more readily than out, and h(*nce the volume 
tends to incimse on the inside, or, if this is pr('V('nted, a pressure develoijs. 

Moat membranes are not strictly sc'iniix'rnu'abh'; they allow other 
simple molecule.s or ions to pass through tliem in addition to wat('r. For 
this reason it is jwssible to st'paraU' simple molecules from complex 
molecules by allowing the simple molecules to diffuse' through such a 
membrane. This process is calk'd dialysis. 

Since the eells of the IkhIv tiiv filled with solutions and since the cell 
walls are membranes, it is evident that osmosis and diffusion are im¬ 
portant factors in life processes. I'he absorption of food from the 
intestine, the distribution of food throughout the body, and the elimi¬ 
nation of waste products from the cells are due at least in part to these 
phenomena. 
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The osmotic pressure of cells can be measured by placing them in a 
series of solutions of different osmotic pressures. If the osmotic pres¬ 
sure of a solution is greater than that of the cell, water will pass from 
the cell to the solution, and the cell wnll shrink. Such a solution is said 
to be h3rpertoiiic to the cell, and the shrinkage of the cell is called plas- 
molysis. (See Fig. 2.) If the solution has a lower osmotic pressure 



Fio. 2. Plahinoly.sis of colls of Spitogyta in 0.35 A/ suciosc M>luti(»n. ('cll A ib 
<*ss(*ntially nornml. (\*Ils /y, (\ aii<I C show various dc^R'cs of plabinolysis. (After 
Lloyd.) From Ouilincfi of Biwhemmiry by Gortner. 


than that of th(‘ cell, water will pass into the cell from the solution, and 
the cell will swell. Such a solution is said to lx» hypotonic to the cell, 
and the swelling of the cell is calk'd plasmoptysis. If the solution has 
the same osmotic pressure as the cell, tht' cell will neither shrink nor 
swell, and the solution is said to 1 k' isotonic. If the osmotic prc'ssure of a 
solution isotonic to a coll is known, the osmotic im'ssurc'of the cell is also 
known. 

If human blood cells are tested in this manner, it is found that their 
osmotic pressure is 7.2 atmospheres. A solution containing about 
0.9 per cent of NaCl has an osmotic jm'ssure (jf 7.2 atmospheres and is 
often spoken of as an isotonic or physiological salt solution. In medi¬ 
cine, when it becomes necessary to introduce solutions into the blood 
stream, it is extremely important to use isotonic solutions. Lack of 
care in this respect would destroy the delicate membranes of the blood 
cells, with very serious consequences. Likewise it is important to use 
isotonic solutions rather than water in applying medication to delicate 
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membranes, such as those in the eye or nasal cavity. Everyone is 
familiar with the pain associated with getting water in the eyes or in the 
nose. Isotonic salt solutions, on the other hand, are painless. In giving 
enemas isotonic salt solutions are preferable to water because they do not 
injure the delicate membrane lining the intestine. 

Depression of the Freezing Point. A second important property 
of solutions is that a substance^ in solution lowers the freezing point of the 
solvent. Lowering of the freezing point, like osmotic pressure, is pro¬ 
portional to the amount of substance dissolved. One gram molecule of a 
substance which does not ionize, dissolved in 1 liter of water, will depress 
the freezing jioint 1.86°C\ Since a definite relationship exists between 
the amount of substance' in solution and the osmotic pressure and the 
depression of the freezing point, it is easily seen that osmotic pressure 
and freezing-point depressif)n are related to each other. In fact, because 
of the difficulties of technique involved in determining osmotic pressure 
directly, the usual m('thod is to determine it indirectly by means of the 
freezing-point mc'thod. Just as osmotic-pressure determinations are 
used in finding the molecular weights of substances in solution, so also 
the deprt'ssion of tlu' freezing point may be used. For example, if 
50 grams of a substance is dissolved in 1 liter of water, and the freezing 
point is depr(‘ssed ().93®(\, it is readily seen that 100 grams in the same 
volume would be requirc'd to depress tlu* fri'ezing point 1.86°C.; hence 
100 is the molecular weight of the substance in question. 

These data may also be uschI to calculate the osmotic pn'ssure of the 
solution. Since tlu' freezing point of the solution is dc'pressed 0.93°C., it 
is obvious that the solution is one-half molal, Inrause a molal solution 
would depress the fri'ezing jjoint 1.8fi®C\ A one-half molal solution has 
an osmotic pressurt' of 11.2 atmospheres, since a molal solution has an 
osmotic pressure' of 22.4 atmosphen's. 

This property of substance's in solution of deprossing the freezing point 
is of gre'at importance* to the* bieiche'inist. It place's at his disposal a 
simple anel accurate methe)d for dett'rmining the osmotic pressure of 
biole)gical mate'rials, the importane'e* e>f which has been discussed. It 
explains why a slight fre)st may ne)t be* a killing frost. Bc'cause of the 
substane*es in solution, prote)plasni will ne)t freeze at the fix'ezing point 
of pure wate'r. This pre)perty of solutions has been applied very practi¬ 
cally in the dairy industry to test milk fe)r added water. The freezing 
point of milk has been found to lx* constant at ~0.56®C. If water is 
added to milk, the frc*<'zing point is nc'arer ()®C. Tables have been pre¬ 
pared which tell with a high degree* of accuracy the amount of water 
added to milk corresponding to freezing points from 0®C. to — 0.56®C. 

Ip explaining why the fn'C'zing point of a solution is lower than that 
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of pure water, a thoor}^ similar to the one used to account for osmotic 
jiressure may serve. When a solution freezes, pure water separates 
from the solution. In other words, waiter is taken away from the dis¬ 
solved substance, and since the solute has an attraction for the solvent, 
a lower temp('rature is neeessarj' to bring about freezing than would be 
required if wafer alone were frozen. 

Elevation of the Boiling Point. A third property of solutions 
which is related to osmotic pressure and to the freezing point is the boiling 
point. Since at th(' boiling point many of the compounds of protoplasm 
are altered in nature — the coagulation of albumin is an example — the 
boiling-point method is not often used in dealing with biological materi¬ 
als. However, it will Ix' mentioned briefly. One gram molecule of a 
substance w^hich do(\s not umizt' dissolved in 1 liter of water will elevate 
the boiling point 0.52^0. Because tliis value is related to the molecular 
weight, this method also may b( used to determine the molecular m ight 
of a substance and likewise to determine the osmotic prt‘ssure and freez¬ 
ing point of a sr)liition. 

If i(K) grams of a substanc(‘ which do(‘s not ionize is dissolved in 1 liter 
of water and the lioiling point is l(K).2fl®(\, 2(K) grams per liter will be 
required to elevate the boiling point 0.r)2®(\; hence 200 is the molecular 
weight of the substance. Sinec^ an elevation of the boiling point of 
().20°C. indicates that the solution is onc'-lialf nifJal, th(‘ freezing point 
will be d('press(*d one-half of \M°i \, or 0.03®C\, and the osmotic pressure, 
will be one-half of 22,4 atniosph(*r('s, or 11.2 atinosi)h(‘res. Because of 
difficulties of t(‘ehni(iu(', howcv(T, this method is s(‘ldom used. 

The explanation of why tlu' boiling point is (‘l(»vatcd by a substance in 
solution is ])as(»d on the fact that substance's in solution lowcir the vapor 
pressure of watcT. Since the boiling point is the i)oint at which the vapor 
pressure is equal to the atmosplu'rie piTssurc', it is (‘videmt that a higher 
temperature will be recpiired for a solution to leeieli the Ixnling point 
than for pure water. It may also 1 m' j)oii:t(*d out that, in the boiling of a 
solution, solvent is ])eing sc'parated from solute*. Since, as has been 
stated, an attraction (‘xists Ixdwce'n solvcmt and solute, the elevation of 
the boiling point of a solution may lx* c'xplainc'd as bc'ing due to the extra 
effort necessary to separate the solvcmt from the* solute. 

Properties of solutions, such as those just discussed, which depend 
upon the number of particle's piT unit volume rather than on chemical 
properties are called colligative properties. 

Surface Tension. A fourth property of solutions of biological im¬ 
portance is that substances in solution alter the' surface tension of the 
solvent. Since surface phenomena arc so important in life processes, 
it will be well to refresh our minds as to the meaning of surface tension. 
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Everyone is familiar with the fact that a needle may be made to float if 
it is carefully placed on the surface of water. The water gives the 
appearance of being covered with a thin, elastic surface film. This 
film is due to a contraction of the liquid at its surface caused by surface 
tension, which is the resistance of a surface film to rupture. In the center 
of a body of liquid the molecules are attracted equally in all directions by 
other, similar molecules. (See Fig. 8.) At the surface the molecules 



Fin. 3. Forres of molecular attraction uc'liiifi; on molecules. The circles repre¬ 
sent the field of attraction on iriolecultvs at their c(‘nters. In .1, within the liquid, 
the force in e<iual in all directions. In H, at the surface, th(‘ force is greater down¬ 
ward than upward In'causi* of the higher coneenlration of molecules in the liquid 
than in the vapor phase*. 

arc attracted mon' toward tlu' center of the liquid than they are by the 
molecules of air above the licjuid; hence it is assumed that at the surface 
the molecules are more compaet, This eoneontration of molecules at the 
surface may be sufficient to give the surface* layer tlie pr()p(Tti(*s of a solid 
and in this vs^ay may account for the surface* film. 

Surface tension exists not only at the boundary betw'e*en a liquid and 
air but also at any point a lieiuid is in contact with another liquid or a 
solid. It will be evi(l(*nt, then, that the surfaces which exist in proto¬ 
plasm, w'hieh is filled with jiartieU'S of colloidal size, are enormous, and 
surfac'C t(*nsion U'comes a factor to In* reckoned with in biochemistry. 
It should Ik* nott»d that the contraction at a surface* re(iuir(*s e*nergy 
and that surface tension is a form of (*n(*rgy. Many of the energy changes 
which take place in protoplasm may Ik* account cel for by changes in 
surface tension. If surface tension is rt*duc(*(l in a system, the energy 
libe^ate'd liecomes available feir other purj^OvSC's. 

Substances in solution alter the surface* tension of the solvent. Oftem, 
the inorganic salts ineix*ase it, w’hereas substance's like* fat, soap, and 
bile salts des*re'ase it. A w^edl-knowm principle states that the amount e>f 
free energy in a syste*m w ill de'civiise* if iKissible*. Since* surface te'nsion 
is such a fonn of e*nergy, it is not sur|)rising to find that substances w’hieh 
lower the surface* tension e)f water eemeentrate in the* surface film so as to 
lower the surfae‘e* energy as much as |)ossible. This eonee'iitration at a 
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surface is called adsorption. Substances which increase surface tension 
tend to stay away from the surface film and concentrate in the interior of 
the liquid in order to increase the surface energy as little as possible. 
This decrease in concentration in the surface film is spoken of as nega¬ 
tive adsorption. 


Hydrogen-ion Concentration 

Acidity and alkalinity, often referred to as the reaction of a solution, 
are extremely important factors in the proper functioning of living 
organisms. If the reaction of our blood (‘hangc's only slightly, acidosis 
or alkalosis will result, ending in d('ath if allowc'd to go too far. In 
bacteriology gn^at care must be taken to regulate the reaction of a me¬ 
dium in order to mak(' it suitable for the growth of a i>articular micro¬ 
organism. In order to understand modern biologv, it is (juite mwssary 
for the student to know what is meant by hydrogen-ion concentration, 
and to do this h(‘ should b(' familiar with soitu^ of the theorv back of it. 

Quantity Factor of Acidity. An acid luis (h'fined as any substance 
which gives hydrogen ions when in .solution. When w(' speak of the 
concentration of an acid, we may b(* considei*ing eith(*r oik' of two factors, 
namely, the (piantity of acid in a given volume or the intensity of acidity. 
In that part of (plant it alive analysis which deals with acidimetry and 
alkalimetry W(' are inlei*(‘st('d in the amount of acid jiresent in a given 
\'olume of solution. W(‘ do not can* wh(*th(*r the acid in solution is in the 
niol(‘Cular or the ionic form. A solution which contains 1 gram atom, 
that is, 1.008 grams, of a(*id hydrogen iK‘r lit(*r is calk'd a normal solution 
of an acid. A .solution of a base of such a concentration that it will 
neutralize an ecpial volume* of normal acid is called a normal solution of a 
base. A base has Iktu d(*fin('d as a sulxstance w’hi(*h will give hydroxyl 
ions when in solution. Wlien a ba.se n(*iitralizes an acid, the* H ion of the 
acid (*om])in('S with the Oil ion of tlu* base to form H 2 O. Hence an OH 
ion in a ba.se is equivalent to an H ion in an acid. A normal solution of a 
base contains 1 gram radical of Oil, that is, 17.008 grams, pc'r liter. To 
make a liter of a normal .solution of IK’l, 1 gram molecule of HCl, or 
36.458 grams, is n(*eded in ord(*r to g('t 1 .(K )8 grams of hydrogen. In like 
manner 40.008 grams of NaOII is n‘quir(‘d to obtain 17.008 grams of 
OH for 1 liter of normal solution. To make a normal .solution of H 2 SO 4 
H gcsLTii molecule of this acid mu.st be dis.solv('d in a liter, since in 1 gram 
molecule of Il 2 S ()4 there are 2 gram atoms of hydrogen. The same 
principle would apply for bases, such as Ba(OH) 2 , where there are 
2 gram radicals of OH per gram molecule. 

In practice an exactly normal .solution is rarely used; instead, carefully 
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standardized solutions whose concentrations are designated by normality 
factors are employed. A normality factor is a number by which to 
multiply in order to convert any numlxjr of cubic centimeters of solution 
into cubic centimeters of normal solution. If 100 cc. of a solution whose 
normality factor is 0.1252 is used, only a very simple calculation is 
needed to arrive at the conclusion that this is equivalent to 12.52 cc. of 
nonnal solution. For brevity the letter N is usually used for normal, and 
the above solution would ho. designated 0.1252 A. A tenth normal 
solution is oft cm written 0.1 N or AY 10 . Any solution the exact concen¬ 
tration of whic'b is known is calked a standard solution. 

Determination of the quantity of acid in a biological fluid such as 
urine is often desirable. This procedure involves adding to a definite 
volume of the urim^ a solution of base whose normality is known. The 
solution of base is add('d from a burette in order that the volume of alkali 
required for n(»utralization may be accurately detcTmined. The process 
is called titration. Plumolphthalein is ust^d as an indicator to tell when 
the acid in the urine has be<*n neutralized. Results are ex])rcssed as the 
number of cubic centim(*ters of 0.1 A bast' nt'cessary to neutralize a 24- 
hour samplt* of the urine. In this way the (juantity of a(*id eliminated 
per day can easily be calculated. This is known as titratable acidity, 
and it should Ih' not ed that it is a measure of the quantity of acid i)resent, 
not of the intensity of tht' acidity. 

Intensity Factor of Acidity. W e will nt'xt consider the intensity of 
acidity. Wlien an acid is dissolved in water, some of th(' molecules 
dkssociatc into II ions and acid radical ions. The intensity of an acid 
depends upon tlu* degree of this dissociation, or ratlu'r upon the concen¬ 
tration of II ions. From the inUmsity standpoint w(' call an acid normal 
if there is 1.008 grams of ionic hydrogen i)er liter. Such a solution 
may be many times normal from the standpoint of quantity of acid 
present. 

In order to comprehend hydrogen-ion concentration the law of mass 
action, which states that the s|x»tHi of a chemical reaction is proix)rtional 
to the molecular concentration of the reacting substances, must first be 
understood. In the reversible reaction 

NaNOs + II 2 S 04 NaTIS 04 + IINO 3 

ah c d 

the speed from left to right is proportional to the concentrations of a 
and 6 . In algebra we are taught that, if a thing is proportional to two or 
more things, it is proportional to their product. Hence the speed from 
left to right is proportional to a XbX k, where k is a constant whose 
value depends on such conditions as temperature. In like manner the 
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speed of the reaction from right to left is proportional to c X d X 
When the reaction has proceeded to equilibrium, the speeds in each 
direction must be equal. Hence 

aXbXk^cXdXk' 
from which we may derive th(' following formula: 

c X d _ k 
a X b k' 

Since a constant divided by a constant is equal to a constant, we have 

a X b 

This K is called the equilibrium constant. 

In water we find that some of the molecules ionize thus: 

+()ir 

Thus, if we apply our definitions of acid and base to water, we fiml that 
water is an acid and at the same time a basc\ Since a molecule of water 
gives an equal number of 11+ and OII~, vvc» say that it is neutral, because 
it is just as strong an acid as it is a base. If a substance which gives 
11+ in solution is added to water, th<Te will be more than OH”, and 
hence we say that the solution is acid. 

If we apply the law of mass action to the last equation as we did to 
the first, we find 

Cone. H+ X C one. OIF ^k ^ ^ 

(Vmc, 1120 k' 

Since water ionizes only slightly, the value of the concentration of H 2 O, 
for all jiractical purpos(*s, may be consid(‘red a constant, which we may 
call w. Hence the equation Ix^comes 

Cone. 11^ X Cone. OIF ^ 
w 
or 

Cone. 11+ X Cone. OIF = K X w 
or 

Cone. H+ X Cone. 0H“ = Kw or Ku, 

Kw, the ionization constant for wat(‘r, is usually referred to as Ky,. 
Methods are available for determining the H-ion concentration of 
pure water. It has been found that pure w^ater is 1/10,000,000 N with 
respect to H ions at 22®C, Mathematically the fraction 1 /10,000,000 is 
usually expressed as 1(F^. We then say that the H-ion concentration of 
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pure water is 10"^ N. Since in pure water the concentration of H+ and 
concentration of OH” are equal, the concentration of each must be 10“"^, 
and Kn, is then 10“^^. 

Cone. X Cone. OII"“ = Ku, 

10”^ l(r^ 

Pure water, then, may be looked upon as an acid which is 10“^ N with 
respect to H+ and also as a base which is 10“^ N with respect to OH”. 

If some acid is addl'd to wat(T, the eon(*entration of H+ will increase. 
Let us suppose that the solution beconies 1/100 AT with respi'ct to H+. 
The concentration of H+ of such a solution is 1(P^ N, From our original 
equation we know that cone. H * X cone. OH"” = lO""^^. If we know 
that the concentration of 11+ is 10““^, then we also know that the concen¬ 
tration of OH” is 10“^^, since 10“^ X If W(' add a base* 

to water, we increase' the concentration of Oil” above that of pure 
water. Let us suppose that we a<ld ('nough base to wat('r to give a 
solution which is N/{{)&} with res]M'ct to Oil”. The concentration of 
OH” will then be IQT^ N. Knowing this, we can easily calculate the 
concentration of H+. It is 1(F^^, b(H*aus(' 1(F^^ X KF^ = 1(F^^. 

Thus it is seen that, if the concentration of 11+ is known, the concentra¬ 
tion of OH” is also known. It thus Ix'coines possible' to (‘xpress degrees 
of alkalinity in terms of 11+ concentration. If tlu' negative exponent of 
10 is 7, the solution is neutral; if less than 7, acid; and if more than 7, 
alkaline. 

Since in expressing 11+ concentration thi' exi)ression 10“ is always us(*(l, 
Sorensen suggc'sted leaving 10“ out and using only the numerical value 
of the negative* exponent. He cant'd this tlu* ^H value. In the I'xpres- 
sion pH p means power (negative* exponent), and II, the hydrogc'ii-ion 
concentration. Mathematically. pH is defined as the logarithm of the 
reciprocal of the hydrogen-ion concentration. If a solution had a H+ 
concentration of 10"^, Son'iLsi'n would have* said that the pH was G. At 
the i)resent time the Sorensi'n syste'in is orelinarily use*d, and it is custom¬ 
ary to sjx'ak of pH values ratlu'r than 11+ coiu'e'iit ration. The Somnsen 
pH scale runs from 0 to 14 and covers the* range from normal acid to 
nonnal base. A solution with a pH of le*ss than 7 is acid, and one with 
more than 7 is basic. By means of the pH scale an}" degri'c of acidity or 
alkalinity found in biological materials can Ik* exi)ressed. 

From w"hat has Ix'cn said se) far, it might be concluded that only 
whole numlx'rs an* used in expressing H+ concentratie)ns and pH. This 
is not so, and most certainly should not lx* so, since one of two .solutions 
differing from each other by 1 pll is ten times as strong an acid as the 
other. For example, a se)lution with a pH e)f 2 is 0.01 A", w"hereas one 
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with a pH of 3 is 0.001 N with respect to H+. In other words, the first 
solution is ten times as concentrated an acid as the second. It is very 
important to realize the great differences in degrees of acidity which as 
little as 1 pH means. 

Determination of H-ion Concentration. Electrometric Methods. 
Two general methods are commonly used in determining the pH of a 
solution, the electrometric and the colorimetric. There are several 
electrometric methods, one of which makes use of a hydrogen electrode. 
(See Fig. 4.) If a platinum electrode is coated with platinum black 



Fig. 4. Appaiatus for nieasuniiR liyiliogpn-ion concentration electrically. A 
IS a calomel electrode containing mercury coverc»d with HgCl and a KCl solution; 
B IS the unknown solution coiilaming the hydioKeii electrode, C is a saturated solu¬ 
tion of KC'l which acts as a salt hndge The two electrodes are connected to a 
potentiometer for measuring diflerence of potential Courtesy of Leeds and North¬ 
rop C’ompany 

and the platinum black is saturattnl with hydrogen gas, the electrode 
bc'havcs as though it wcto made of hydrogim. It will be recalled that in 
many rt'actions hydrogen acts like a metal. If such an electrode is 
placed in a solution containing hydrogen ions and saturated with hydro¬ 
gen gas, hydrogen from the electrode will go into solution, forming 
hydrogen ions, which have a positive charge of electricity. The positive 
charge comes from the electrode, leaving it negative. The number of 
H+ going into solution is inversely proportional to the number already 
present in the solution, so that the negative charge on the electrode is 
dependent on the H"*" concentration of the solution. In other words, the 
electrical potential of the hydrogen electrode is a function of the H*^ con¬ 
centration of the solution in which it is placed. If such a hydrogen elec- 



15 


PHYSICAL CHEMISTRY 


trode is connected with another electrode, whose electrical potential is 
known, it is easy to measure the difference of potential between these 
two electrodes by means of a potentiometer, an instrument for measuring 
differences in potential. 

In practice a calomel electrode is commonly used. This is made of 
mercury, calonicl, and a potassium chloride solution. The potassium 
chloride solution must be of definite concentration; 0.1 AT, 1 AT, 3.5 AT, 
and saturate d solutions are commonly employed. Such electrodes have 
a very definite and constant potc'ntial for an3'' given concentration of 
potassium chloride*. It is very im}K)rtant in using a calomel electrode to 
know from what (*oncent ration of potassium chloride solution the elec¬ 
trode was prepai*ed. Tables are available which give pH values corre¬ 
sponding to diff(*rences of potential between the hydrogen electrode and 
the four tyjH'S of calonu*! electrodes just mentioned. 

A stH'ond (*l(»ctrometric method for determining hjnlrogen-ion concen- 
t ration which has s(*veral advantages over the hydrogen-(»lectrode method 
(‘mploys th(‘ quinhydrone electrode. The quinhydrom* electrode is 
much sim))l(*r to oix*rato than the hydrogen electrode. It avoids the 
nec(‘ssity of coating the (*I(‘ctrode with platinum black and saturating it 
with hydrogen gas. Two of its disadvantages ai-e that it is not applicable 
for measuring />1I values above 8.5 and that it is very sensitive to tem- 
peratUR* chang(*s. In this imihod the solution to be t(*st(*d is saturated 
with quinhydrom* by adding a .small (piantity f)f the pow'd(‘red .substance. 
A gold or platinum eU'ctrode, which has not been (*oa1e<l with platinum 
black, is th(*n j)lac(‘d in tlu* .solution, and the difference in potential 
betwwn it and a standard calomel electrode is measured b^'' means of a 
potentiometer, liu* pH may be obtain<*d l\v consulting a table which 
converts the p()t<*ntiometer reading into the pH value. 

QuinhjMlrone is a com])o\ind ctmsisting of ('(juimolecular quantities 
of (piinoiK' and hy<lr(Kiuinone, A saturated solution of quinhydrone 
contains c*quimolccular (juantities of quinone and hydroquinone. Some 
of the hv^drocpiinom* mok'cules ionize to form double negative hydro¬ 
quinone ions and i)ositive hydrogen ions. I'Ik' hydrcMpiinone ion easil}^ 
loses two electrons, forming (piinone. 


OH 

/\ 


(T 




+2H + V — 

OH O" 


Hydroquinone Hydroquinone 
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When an electrode is placed in a solution containing quinhydronc, 
the hydroquinone ions tend to give up their electrons to the electrode, 
making it negative. The degrcie of negativity or potential of the elec¬ 
trode is therefore dependent on the concentration of the hydrociuiuone 
ion in the solution. As might Im' expc'ct('d from the foregoing equation, 
the degree of ionization of hydroquinone is determined by the hydrogt'n* 
ion concentration of the solution; in other words, the coneemtration of 
hydroquinone ions is determined by the' hydrogen-ion eonc('nti*ation. 
Acid added to the solution depresst\s the ionization of the hydro(|uinone 
and therefore reduces the concentration of hydro(iuinone ions. Since 
in a saturated solution of quinhydronc the con(*entration of hydro¬ 
quinone and quinonc remains constant, w(' find that in the equation 
only the hydnxpiinone ion is altt'rcnl by a change* in hyilrogen-ion concen¬ 
tration of the solution. Thus it is clear that, if the* j)otential of a ouin- 
hydrone electrode is determineil l)y the concentration of hydroquinone 
ions, it is also determ hied by the hydrogen-iou conc(*ntrati<;ii of the solu¬ 
tion. The potential of the quinhydronc* (‘lectrode therc'fon* becomes a 
measure of the hydrogen-ion concentration. 

A third (»lectrometric method for the determination of hydrogen-ion 
concentration which is being used a great d(*al at tlu* pres(*nt time 
utilizes the glass electrode. One t>|H' of ghiss (‘lectrode consists of a 
thin bulb of glass filU*d with a standard solution of an (‘h'ctrolyte, such 
as 0.1 A IlOl. When this el(*ctrode is plact*d in the solution to Ik* 
t(\sted, a dilference of potcmtial develojis b(‘tvv(*en tlu* solution inside the 
electrode* and that on th(* outside. Th(* value of tliis difference d(*iM*!ids 
upon the hydrog(*n-ion concentration of the* solution outside* the el(*c- 
trode, since that inside* the (‘lectrode r(*mains constant. The pot(*ntial 
of the glass ('lectrode is d(*t('riniiu*d like* that of the* hydrogen or (piinhy- 
drone elect rode, namely, by measuring the* diff(*r(*nc(' of ])ot('ntial b('tw('('n 
it and a calomel electrode. B('caus(‘ ()f tlu* liigh r(‘sistanc(' of tlu* glass 
membrane separating the solutions inside and outside* 1 he* glass (‘le'ctrode*, 
vacuum-tube amplifiers arc introduced into the j)ot(*iitioinet(*r circuit 
in order to p(*miit taking a rt'ading. Instrurne‘nts are* on the* market 
which read pll values directly. ^ 

The advantage of the glass electrode ove'r the* hydrogen e'le*ctr()de is 
that no hydroge*n is nece'ssary and therefore the* glass electrode can be 
used on solutions containing dissolveHi ('<> 2 . The* advantage over the 
quinhydronc electrode is tliat the solution to Ije tc'stcd is not contami¬ 
nated with quinhydronc and may lx* used for other purpose's after the 
pH value is determined. The method is accurate up to a pH of 10 or 
even higher with special electrodes. 

Colorimetric Method. The colorimetric method for the determina- 
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tion of pH makes use of the fact that certain dyes change color at 
very definite pH values. Such dyes are often called indicators because, 
when added to a solution, they indicate whether it is acidic or basic; 
and, since they change color when the reaction changes, they are used in 
acid and base titrations to tell when an acid or a base is neutralized. 
The various indicators change color at different pH values. Methyl 
orange changes color at a /ill of 2.9 to 4.0, Congo red between 3.0 and 
5.0, scidiuni alizarin sulfonate betvreen 5.5 and 6.8, litmus at about 7, 
and phenolphthaknn betwen^n 8.3 and 10.0. If a drop of indicator solu¬ 
tion is added to a solution of unknown pH, it is possible to tell whether 
its pH is greater or less than that at which the indicator changes color. 
For example, to determine the approximate pH of saliva, a drop of 
phcnolphthalein solution may b(‘ fulded to some saliva in a test tube. 
If the solution r(*inains colorless, the pH of the saliva is less than 8.3. 
To another tube of saliva litmus may be added. If the color is blue, 
the pH is greater than 7. In other words, by these simple tests, it is 
possible to determine that th(‘ pli of the saliva is between 7 and 8.3. 

For a mor(' accurate detc^nnination of pll by the colorimetric method, 
a series of buffer solutions of knowm pH values are utilized. A buffer 
solution is a solution of a weak acid or base together with its salt. The 
term weak or strong, when applii'd to an acid or a base, means that it 
gives few or many, respt'(‘tiv('ly, hydrogen or hydroxyl ions in dilute 
solution. A buffer solution lends to n‘tain its pH value upon the addi¬ 
tion of small amounts of acid or bas(\ A good example of a buffer solu¬ 
tion in which th<' p\\ value falls on the jwid side of neutrality is a solution 
of sodium ac(»tate and acetic acid in wat(‘r. If a small amount of HCl is 
added, it will react with the sodium acc^tate, forming NaCl and acetic 
acid. I'he acetic acid, Ix'ing weak, will affc'ct the h 3 "drogon-ion concen¬ 
tration very little. If 1K3 is added to water, there will be a decided 
change in tlu* hj^drogen-ion concentration of the w^ater, because most of 
the H(3 molecules will ionize*. If NaOII is added to a sodium acetate- 
acetic acid buffer solution, some of the acetic acid will be neutralized, 
forming more sodium ac’etate. The removal of some of the acetic acid 
from the buffer solution*w^ill affect the h^ drogen-ion concentration very 
little, because most of the acetic acid in the buffer solution is in the 
molecular form. 

If to an equal volume of each of a series of buffer solutions, covering 
the range in which the pH of the unknown is expected to fall, is added 
a definite quantity of an indicator which changes color over that range, 
a series of colors ranging from the color of the indicator in acid to that of 
the indicator in base will be obtained. If to an equal volume of the 
unknown solution is added the same quantity of the indicator used with 
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the buffer solutions, a color will develop which should match the color 
in one of the known tubes. The pH of the unknown solution is then 
equal to the pH of the known solution which gives the same color with 
the indicator. 

Indicators. It has been pointed out that indicators change color 
at different pH values. Therefore, in titrating an acid against a base 
the results obtained will vary, depending upon the choice of indicator. 
Quite different results may be exixH'ted in an acid-base titration with 
methyl orange, which changes color at a />H of 2.9 to 4.0, from those 
obtained with phenolphthalein, which changes color at a pH of 8.3 
to 10.0. The choice of the indicator for an acitl-base titration is there¬ 
fore very important, when titrating weak acids or bases. A dilute solu¬ 
tion of a weak acid or base may contain many molecules capable of being 
neutralized, but veiy few hydrogen or hydroxyl ions. I’hus between the 
pH range for methyl orange and phenolphthalein the (juantity of acid or 
base to be titrated may b(‘ large. In titrating a weak a.id, such as 
acetic, with NaOH, methyl orange, which chang(*s color a^ a pH oi 2.9 
to 4.0, should iK'ViT be used, because* acetic acid is so poorly ionized that 
at a pH of 4.0 considerable* acid will still remain unneutralized. Phcnol- 
phthalein may be us(‘d, bc'cause it changes color on the alkaline side of 
pH 7. Since NaOH is highly ionized in solution, a v(uy small amount of 
it, after the ac('tic acid is neutralized, will throw the pH beyond 8.3, 
thus changing the color of jihenolphthah^in. In g(*neral, in titrating a 
weak acid against a strong bast*, an indicator which changes color on the 
alkaline side of m*utrality should be chosen. 

In like manner, in titrating a weak base*, likt* NH4OH, against a strong 
acid, phenolphthal(*in should never be used as an indicator; one should 
be chosen that changes color on the acid sid() of neutrality. Phenol¬ 
phthalein will change color while* then* is still considerable NH4OH 
in the solution unneutralized. If an indicator like methyl orange is used, 
however, all the NH 4 (JH will be neut*’aliz(*d Ix'fore it changes color. A 
very small amount of a .strong acid which itmizes readily will change the 
pH of the solution beyond th<* jmint where methyl orange changes color 
after all the NH4OH is neutralized. In gen(*ral, in titrating a weak ba.se 
against a strong acid an indicator which chang(*.s color on the acid side of 
neutrality should be selected. 

If a strong base is titrated against a strong acid, the choice of an indica¬ 
tor is not so important. However, it should l)e kept in mind that phenol¬ 
phthalein is sensitive to even such a weak acid as H 2 C' 03 , and hence it 
cannot be used where carbonates are presc*nt unle.ss the ('O 2 is removed 
by boiling. 

Another factor to .bear in mind in titrating weak acids and bases 
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against strong bases and acids is that the salts which result do not form 
neutral solutions in water. Let us take, for example, sodium acetate, 
which is the salt of a strong base and a weak acid. In aqueous solution 
this salt tends to hydrolyze thus: 

CHgCOONa + H 2 O ;:± ClhCOOn + NaOH 

Since CH 3 COOH is a weak acid, it tends to remain in the molecular 
form,.and very few acetate and hydrogen ions appear. On the other 
hand, NaOH is a strong base, which means that it has a strong tendcwy 
to ionize and give Na+ and OIF. The result is that a solution of sodium 
acetate produces an excess of Oil ions, so that the pH of the solution 
is greater than 7. In order to titrate acetic acid with sodium hydroxide 
to the point where an equivalent amount of sodium hydroxide has iKH.m 
added, it is necessary to titrate to the pll which sodium acetate will give 
in solution and not to a pll of 7. Thi^ is another n'ason for ut.ing 
phenoli)hthalein in this titration rather than an indicator whi(*h changes 
color at a pH of l(\ss than 7. 

A similar line of n^asoning reveals the fact that the salt of .t weak bas(* 
and a strong acid giv('s a solution whose* pH is l(*ss than 7, and th(T(»foro 
an indicator for titrating a weak bas(* against a strong acid should change 
color on the acid side of neutrality. 

In view of what has been said, it should be quite obvious tliat in j)re- 
I)aring standard solutions of acids or basi's thi* sanu* indicator should 
!)(' chosen for the standardization as will be used when these solutions 
ar(* employed in subs(»quent titrations. 

The Donnan Equilibrium 

If a vessel is separated into two compartm(‘nts by a jKTmeable mem¬ 
brane, and in one compartm(*nt a solution of NaC'l is plac(*d and in the 
other a solution of K 2 SO 4 , ions will diffuse through the mi'inbrane until 
the distribution of the two substances on both sides of the membrane is 
equal. Equilibrium will be established when the* conc(*ntratioas of the 
ions on each side of the membraiK* are equal. 

Donnan has pointed out that this is not true when one of the ions is 
unable to diffuse through the membrane. Let us suppose that we have 
a condition represented by the following diagram, where the V(*rtical 
line represents the membrane: 

K+ K+ 

R~ Cl¬ 

in this diagram all the ions are free to pass through the membrane 
except R“. According to Donnan’s theory, K+ and CF will pass through 
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the membrane until the concentration of K+ X concentration of CP is 
equal on both sides of the membrane. If the concentrations of the vari¬ 
ous ions were equal to begin with, then K+ and CP would pass from right 
to left until the conditions just mentioned were met, which would mean 
that the number of K+ on the l(‘ft-hand side of the membrane would be 
greater than the numlxT on th(‘ right-hand side. Furthermore, the total 
number of ions on the left will be greater than on the right because of R“" 
ions which are unable to diffuse^ through the membrane. If the two solu¬ 
tions had equal osmotic pressures to start with, in the end the solution 
on the l(»ft-hand side would have a higher osmotic pressure after equilib¬ 
rium was reached, since osmotic pressure depends on the number of ions 
or molecules present in a solution. 

Donnan’s th(‘ory of membrane equilibrium is of great importance in 
biolog}^ Iw'causc it exi)lains how an ion may diffuse from a solution of 
lower to one of higher osmotic pressure. It explains the passage of ions 
in and out of c(‘lls and giv(‘s us an explanation of many of the acts of 
secretion and absoqjtion which arc continually going on in the various 
organs of the body. It also explains differences in pll which often exist 
inside and outside a ccdl. 


The Colloidal State 

The science of colloid chemistry was founded about 1861, when 
Thomas (Iraham publishtnl a summary of his work on the diffusion of 
substances in solution through membranes, lie found that substances 
which crystalliz(Ml r(*adily diffuscnl ra])idly, whereas substances which 
did not form crystals did not diffuse^. This fact led him to chussify 
substances into two groups, namely, crysttdioids and colloids. The 
word colloid, mc»aning gluelike, was si‘lccted because glue is a t 3 q)ical 
substance which doe-s not diffuse*. 

It is lx*liev(*d that the failure of colloids to diffuse is due to the size of 
the particles of the* dissolved substance's. \Vc now know that it is possi¬ 
ble to ccmtrol the size* of the* particles of almost any substance in solution 
by pn)p<'r methods so that llu\v will not pass through a n.embrane and 
hence would Ik* class(»d as colloids even though they ordinarily exist in 
crystalline form. Likewise, a typical colloidal substance like egg albu¬ 
min has bi'cn pn'paivd in a crystalline form which, when dispersed in 
water, will not dilfusi' through a membrane. 

Solution, Colloidal Solution, and Suspension. According to current 
view\s, it is not strictly corn*ct to sjK'uk of a colloid, lK*caus(' a colloid is 
not a kind of matter, but rather a state of subdivision of matter. It is 
muck better to speak of the colloidal state of matter than to speak of a 
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colloid. If some finely ground substance is placed in watetf, one of three 
things may happen. First, it may form a true solution. In this case 
the material probably is broken up into its molecules or ions, and we say 
that we have a molecular or ionic dispersion of the substance in water. 
Arbitrarily we have set a limit to the size of particles in true solution as 
being not larger than onc^millionth of a millimeter in diameter. Often 
1/1,000,000 mm. is spoken of as a millimicron (niju); 1/10(X) mm. is 
I micron (/*). The st'cond possibility is that the substance ma}' foim a 
colloidal solution. Arbitrarily we say that colloidal particles range in 
size from 1/1,000,000 mm. to 1/10,000 mm., or in the other terminology, 

TABLE 2 

A Comparison of True Solutions, Colloidal Solutions, and Suspensions 
Tru(‘ Soluticms CollcMtlal .Solutions Suspensions 

1. Size of particles b‘s.s than 1 ni/u From 1 in/i toO 1 n Ovvr 0,1 n 

2. DiiTusibility ami Will piuss thnnifi^h Will pass through Will not jiass through 

filterability membranes ami liltiTs but not eithe’* lilti'rR or 

filters timaigh mem- mi'inbranes 

braiies 

3. Visibility Invisible ritramieros<*opie Mi(Tos(;(>pic 

4. Motion Molecular move- Brownian move- Slow Brownian and 

ment inent gravitationul 

movement 

5. Osmotic pressure High J^w None 

(). Optical proiKir- Transparent Tyndall pli(‘iioim»- (,)paque 

ties non (in sus]Kin- 

soid systems) 

from 1 m/i to 0.1 /n. The third iK)ssibility is that the particles will bo 
larger than O.l n and the mixture will lie call(*d a suspension, bt‘cause the 
particles will settle out on standing. 

Considering true .solution, colloidal solution, and susix^asion further, 
we find that in a true* solution the particles will pass through a membrane 
and a filter; in a colloidal solution the partici(\s will pass through a 
filter but not through a nu^mbrane; and in a suspension the particles of 
suspended material will not pass through eith(*r a filtiT or a membrane. 

From the standpoint of visibility wv find that particles in true solu¬ 
tion are invisible oven with the most powerful iiltrainicroscjoix'. Parti¬ 
cles in colloidal solution are ultramicroscopic, and partic1(\s in suspension 
are visible with an ordinary microsco|x* or with the naked ey<‘. 

In true solution the ultimate particles, which ani pn^bably the mole¬ 
cules or ions, display what is known as molecular motion; in colloidal 
solution the particles display a ix'culiar tyix* of motion known as Brown- 
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ian moyement; in Hunpension the particles move only by the attraction of 
gravity and settle to the bottom of the vessel. 

Since osmotic pressure is dependent on the number of particles in a 
given volume, we find that osmotic pressure is high in true solutions 
and low in colloidal solutions. Suspensions show no osmotic pressure. 

If a beam of light is passed through a true solution, the whole solution 
lights up and appc'ars transparent. In many colloidal solutions the 
space traversc'd i)y the beam of light takes on a hazy appearance due 
to the reflection of the light by the colloidal particles. This property of 
colloidal solutions is spoken of as the Tyndall phenomenon. A colloidal 
solution, 1 ke a triK' solution, appears transparent by transmitted light, 
but may givi‘ th(‘ appearance of a suspension by reflected light. Suspen¬ 
sions an' opaipK*. 

Table 2 suinmariz(*s wliat has just U^n said about true solutions, 
colloidal solutions, and suspensions. 

In th(* abov(^ discussion w(‘ hav(‘ iw^d the terms iiltrainicroscopic and 
Hrownian n oveii.t'iit, which possibly nei^d (explanation. , 





Fkj. 5. Zi'iss caniiuid ultramicroscoiH} ass ‘mbly. 

Ultramicroscope. Ily nu'aas of the ultramicroscope particles can be 
detected which are so small that they cannot be seen with even the 
oil-immersion object ive of an ordinary microsco|K\ Everyone is familiar 
with the fact that thi* air in a room is filli»d with dust particles which 
become visible if a strong beam of light comes into a dark room through 
a sirall hole in a curtain. Under these* conditions we see particles which 
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are too small to be detected under ordinary circumstances. The parti-* 
clcs become visible to us because of the light reflected from them. An 



Fig. 6. The path of light rays through a eardioid oondonsor. The miorosoope 
is focused on tin* point where the light rays (toss above the condenser From 
Outlines of Biochemistry by (iortner 



Fio. 7. Photomicrograph cjf a red gold sol under an ultramicroseope. From 
Outlines of Biochemistry by Gortner. 

ultramicroscope makes use of the same principle on a microscopic scale. 
(See Figs. 5 and 6.) One type of ultramicroscope consists of an ordi- 
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nary microscope with a special condenser^ which brings to a point beams 
of light in a microscopic field in which the liquid under examination may 
be placed. Beneath the microscopic field is a black background which 
aids in bringing out the reflected light from the colloidal particles. Such 
a condenser is called a dark-field condenser. Under the ultramicroscope 
the actual colloidal particles are not visible; only bright spots which are 
the reflected light from these particles can be seen. (See Fig. 7.) It 
should be mentioned that not all colloids are visible under the ultra- 
microBCopc. For ultramicroscopic demonstrations rod gold prepara¬ 
tions are espc»cially satisfactory; dilute colloidal solutions of egg albumin 
show few or no bright spots. As a rule, suspensoid colloids are more 
satisfactory than cmulsoid colloids for this purpose. 

Brownian Movement. If a colloidal solution of gold is observed 
under an ultramicroscope, it is notc^d that the particles do not remain 
still but are in a constant state of rapid vibration, ('an^ful observation 
reveals that thc^se particles do not niov(‘ across th(' microscopic field but 
tend to remain in a rather definite' position. Similar motion was first 
noted in pollen grains by Itolx'rt Brown. For this reason the phenome¬ 
non has b<*en called Brownian movement. Bacteriologists have noted 
Brownian movement in hanging drops of bacteria. A beginm'r often 
mistakes such movement for true motility, which is i) 08 sessed by some 
bacteria. 

In summary we may say that the colloidal state exists in a solution 
when the dispersed particles arc' so large that they will not j)ass through 
a membrane and still so small that they will not settle out. 

Definition of Terms. In discussing the ccdloidal state certain terms 
must be defined. In the fii-st place, it is nec('ssary to distinguish be¬ 
tween the substance in colloidal solution and the solvent. The terms 
solute and solvent are not used; instead wc* call tlu' colloidal particles the 
dispersed phase of the colloidal systc'in, and th(' liquid in which the 
particles are dispc>rsed the dispersion medium. 

If the dispersed phase has no affinity for the dispersion medium and 
does not tc'iid to go into true solution, we call the resulting colloidal 
system a suspensoid. This name indicates it s similarity to a suspension. 
Sometimes a sus]K'nsoid is s])oken of as a lyophobic system to indicate 
the lack of affinity of the disjx'rsed phase for the dispersion medium. If 
the dispersion medium is water, such a system is said to be hydrophobic. 
A good example of this type of colloidal system is a colloidal solution of 
gold. 

If the dispersed phase has an affinity for the dispersion medium 
and tends to take it up and to swell, the systt'm is sjK)ken of as an emul- 
soid. This name indicates its similarity to an emulsion, in which we 
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have a liquid dispersed in a liquid. Such a system is also called a 
lyophilic system to indicate the attraction of the colloidal particles for 
the dispersion medium. If the dispersion medium is water, such a 
system is said to be hydrophilic. A good example of an emulsoid is a 
colloidal solution of gelatin. 

Colloidal systems, especially emulsoids, may exist in two forms. 
A colloidal system which has the properties of a liquid and may be poured 
from one vessel to another is called a sol. A colloidal system which takes 
the form of a jelly and has many of the properties of a solid is called a gel. 

The most common colloidal systems are those in which water is the 
dispersion medium. It should l)e noted in passing that any liquid may 
be a dispersion medium. It should also be pointed out that we may 
have colloidal dispersions of solids, liquids, or gases in solids, liquids, or 
gases, with the exception of the dispersion of a gas in a gas. For exam¬ 
ple, smoke may be considenni a (‘olloidal dispersion of a solid in a gas, 
and a fog may be considen'd a colloidal dispersion of a liquid in a gas. 
Although the colloidal systems suggested are very interesting and much 
can be said about them, it should be peunted out that those in which 
water is the dispersion medium are the important ones from the bio¬ 
logical standpoint. 

Charge on Colloidal Particles. It has beem shown that in a colloidal 
system the dispei’sed particles are so small that they will not settle out, 
and because of this fact the' system is distinguished from a suspension 
and an emulsion. It may Ix' asked why the particles do not settle out. 
One explanation is that in a colloidal system the particles are charged 
electrically. The charge may l)e either ne'gative or positive. In a given 
colloidal system all particles have like electric charges and hence tend to 
remain as far away from one another as possible. To meet this con¬ 
dition, the colloidal particles distribute themselves uniformly through¬ 
out the liquid in which they are dispei*sed. 

Electrophoresis. It is possible by a simple experiment to determine 
the sign of the charge on a colloidal particle. If a colloidal solution is 
put in the bottom of a U tube, water is carefully added in each arm of the 
tube, and wires connected to a battery of high voltage are placed in the 
arms of the tube's, it will be noted that the colloidal particles migrate to 
the pole of the* battery having a charge opposite to that of the colloidal 
particles. Thus, if the colloidal particles migrate to the negative pole as 
indicated in Fig. 8, they must be positively charged. This migration of 
charged particles in on electric field is called electrophoresis. 

Isoelectric Point. It is possible by proper means, such as changing 
the hydrogen-ion concentration of the colloidal solution, to remove the 
charge on the colloidal particles. When this is done, the particles no 
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longer migrate in an electric field, and we say that the colloidal solution 
is at its isoelectric point. At this point substances in colloidal disper¬ 
sion are most easily precipitated. 



Fig. 8, AppanituH for (lenionstrating electrophorms; A, before, and B, after, 
clectrophon'sih. 

Origin of Charge. The next problem which confronts us is to explain 
the origin of the charge on a colloidal particle. It is not ])ossible to state 
definitely how a given chargi' originates, but it is possible to advance 
very plausible th(‘ories. We will illustrate by means of two common 
colloidal systems. A gold sol may b<' c*asily prc'pared in the laboratory 
by the reduction of a gold chloride* solution with fonnaldehyde in the 
presence of pota.ssium carbonate. In a gold sol we find that the gold 
particles arc charged n(*gatively. This fact may be explained by assum¬ 
ing that the gold particles iwlsorb some ne^gative ion, possibly the carbon¬ 
ate ion. 

A good example of a positive colloidal system is ferric hydroxide sol, 
which is prepan»<l by adding FeC'la solution to boiling water. The 
FeC'^la is hydrolyzeKl thus: 

FeClg + 3 H 2 O Fe(OH )3 + 3HC1 

The particles of Fe(OH )3 may .still contain some FeCla, forming a com¬ 
plex representc'd by the formula [Fe(()H) 3 ]xFeCl 3 . The FeCls in this 
complex may ionize, forming Fe**^ and 3Cr, the 3Cr going into solu- 
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tion and the remaining with the ferric hydroxide particle and giv¬ 
ing it its positive charge. 

The ionization may be represented thus: 

[Fe(OH) 3 ]*FeCl 3 [Fe(OH) 3 ]*Fe+++ + SCF 

Precipitation of Colloids. In a preceding section it was pointed out 
that there are two types of colloidal systems, namely, suspensoids and 
emulsoids. Suspensoids, being much more readily precipitated, are 
considerably less stable than emulsoids. In a suspensoid system the 
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Fig. 9. Relationship between .suspensoids and emulsoids and proHpitated 
particles. 


particles have no affinity for the dispersion medium and remain dispersed 
because of the electric charges present. In an eniulsoid system the 
particles have an affinity for the dispersion medium, and in a hydrophilic 
system may be considered as having a layer of water around them which 
aid.s in stabilizing the sol. Thus there are two factors favoring stability 
in an emulsoid system, namely, electric charge and hydration. The rela¬ 
tionship between suspensoids and emulsoids and precipitated particles 
is diagrammatically represented in Fig. 9. 

In Fig. 9, A represents a suspensoid particle with its electric charges, 
B an emulsoid particle with its electric charges and its layer of water, 
D an emulsoid particle with no charge but with a layer of water, and 
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C a precipitated colloidal particle with no charge or layer of water. To 
precipitate A, all that is necessary is to remove the charge; to precipi¬ 
tate it is necessary to remove the charge and also the water; to precip¬ 
itate D it is necessary to remove only the water. 

The precipitation of suspensoids may be accomplished by mixing 
two colloidal sols having opposite charges. This precipitation is often 
demonstrated in the laboratory by adding to a negative gold sol some 
positive ferric hydroxide sol. If the two are mixed in the proper propor¬ 
tions, a precipitation will occur. This method of precipitation is 
spoken of as mutual precipitation because both sols are precipitated. 

Another method of precipitating suspensoids is by the addition of 
salt solutions. In this case the ion having the opposite charge to 
that on the colloidal particle is the precipitating ion. Ions vary greatly 
in their ability to precii)itate sols. The main factor which detennines 
this ability is the valence of the ion. From this statement it might be 
thought that Al“^ would be three times as potent a precipitating agent 
for a negative sol as Na+. Experiment shows, however, that it is from 
200 to 1600 times as potent. When Al“*^ strikes a negative colloidal 
particle, it delivers three jKjhitive chaises simultaneously, whereas to get 
the same effect three Na^ must strike the parti(*le at the same time. In 
order to have three charges strike a particle simultaneously, the concen¬ 
tration of Na+ must be very high in comparison to that of A1+++. 

From this discussion the conclusion might be drawn that the precipi¬ 
tated suspensoid particle is still of colloidal size. This is undoubtedly 
not true, Wlien the charge is removed from a suspensoid particle, the 
force which tends to keep the particles apart no longer exists, and 
therefore many particles unite to form larger particles, thus aiding 
precipitation. 

In order to precipitate an emulsoid it is necessary to remove the 
water fi*om the colloidal particle as wcdl as the charge. The presence 
of either charge or hydration is sufficient to stabilize an emulsoid colloid. 
It is possible to remove the charge on an emulsoid or remove the water 
and still have a stable sol. However, if both charge and water are 
removed sufficiently, precipitation occurs. A good example of an emul¬ 
soid colloid is an albumin sol. Such a sol may be precipitated by satura¬ 
tion with (NH 4 ) 2 S 04 . The first addition of (NH 4 ) 2 S 04 probably 
neutralizes the charge on the albumin particles, but, because of the 
hydrophilic nature of albumin, the sol remains stable. On the further 
addition of (NH 4 ) 2 S 04 , water is removed from the colloidal particles 
until at complete saturation the albumin precipitates. The precipita¬ 
tion of colloids by the use of concentrated salt solutions is often spoken of 
as salting out. 
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Protective Cottoids. Emulsoids, as has been slated, are much more 
stable than suspensoids. If a small amount of an emulsoid is added to a 
suspensoid, the suspensoid becomes much more stable. The emulsoid 
forms a protective coating on the surface of the suspensoid particles, 
giving them much of the stability of the*emulsoid. An emulsoid used in 
this manner is spoken of as a protective colloid. 

Zsigmondy devised a method for measuring the protective ability 
of an emulsoid colloid. He determined what he called the gold number. 
This is the number of milhgrams of protective colloid which, when 
added to 10 cc. of (^specially prepared red gold sol, will just fail to prevent 
a change from red to blue when 1 cc. of 10 per cent NaCl solution is 
added. 

The gold number has been used quite extensively in medicine in the 
diagnosis of certain forms of insanity. Normal spinal fluid has a very 
definite gold number. In some kinds of insanity the gold number of 
the spinal fluid is altered to a marked degree. 

Structure of Gels. If a sufficient amount of gelatin is dissolved in 
hot water, a gelatin sol is obtained which on cooling changes to a gel. 
What is the difference in structure betwcnm a sol and a gel which gives 
rise to such a marked difference in physical properties? We believe 
that in the sol state the gelatin particleis are separated from each other 
and are therefore free to move about, thus giving the sol the appearance 
of a liquid. Many theories have been advanced to explain the rigid 
properties of a gel. At the jiresent time the most generally accepted 
theory concerning gel structure i?» that in gelation the colloidal particles 
arrange themselves in the form of fibrils, which assume what is called a 
“brush heap” structure. A gel, then, is a mass of these fibrils with a 
dilute sol enmeshcKl Ix'tween them. 

Coagulation. On being heated, a gelatin gel will again form a sol. 
A gelation which can pass from a gel to a sol and then back to a gel again 
is said to be reversible. Many sols form gels which cannot be readily 
reconverted to the sol again. Such a gelation is often spoken of as a 
coagulation. A good example of coagulation occurs on heating egg 
white. Coagulated egg white cannot be readily brought back into the 
sol form. In this connection it may lx? mentioned that Adolf has been 
able to reconvert (‘sp(‘cially purificni, heat-coagulated, serum albumin to 
the sol form, which she claims is identical with the original sol. 

S 3 rneresis. On standing, gels often contract, squeezing out a dilute 
sol. This phenomenon is called S3meresis. Syneresis is perhaps best 
exemplified by the separation of serum from clotted blood on standing. 
In the preparation of junket and custard pies the clotted casein often 
contracts on standing, with the separation of a watery liquid. Syneiesis 
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is of great importance in physiology. It probably plays a part in such 
vital phenomena as the formation of secretions and the fimctioning of 
whe muscle fibt'rs. 

Imbibition. Many gels, when plaecKi in water, swell and take on 
water.' This phenomc^non is called imbibition. In many ways imbibi¬ 
tion may Ix) looked upon as the opposite of syneresis. Hydrogen-ion 
concentration and salts hav(‘ a great influence on the amount of water 
which certain gels will imbibe. 

The Colloidal State as an Aid to Chemical Reactions. In the discus¬ 
sion of surface' tension it was pointed out that substances which lower 
surface tension tend to concentrate in the surface film. This phenome¬ 
non was called adsorption. In a colloidal system the surface area be¬ 
comes enormously increased, since the interface between each colloidal 
particle' and the* dispersion medium is a surface. Adsorption, then, 
Ix.'comc's an extn'iiu'ly important factor in de'aling with colloidal systems. 
Undoubtedly tlu' colloidal nature of protoplasm has much to do with the 
remarkable* clu'inical changers which take place in it. 

^I'here arc* two ways in which the ce)lloielal nature of protoplasm may 
aid in bringing about ('hernical re'actions. First, by adsorption on the 
surface films the* re'acting me)le'cule's are brought into close contact. This 
increase's the* conce'ntration e)f the re'acting substances, wdiich most 
c(»rtainly haste*ns the'ir intc'raction. Second, by concentration at the 
surface, surface te'iision is reHluce*d and consecjuently energy is relc'ased. 
This e'ne'rgy may be converted into e*hcmical energy, which may be used 
for the energy ree|uire*me'nts involved in the chemical transformations 
which are taking place. 

Optical Activity 

A very im])e)rtanl pliysical idienoinenon frequently encountered in bio¬ 
chemistry is e)ptical aedivity. Sine'e the optn*al activit}*^ e)f a compound is 
rt'cognizeel b}’^ its ability to redate a })Iane of polarized light, wo must 
1 rst cc’iiside'r the subject of polarize'd light. 

Polarized Light. A ray of e)relinary light vibrates in all direc*tions 
at right angle's te) the elire'ctiem in which the ray is traveling. An 
appi-oaching ray of light may Ih' imagined to appear like the spokes of a 
whe't'l, with the spe)ke's repre'senting the vibrations radiating in all eiirec- 
tions. (Se'e Fig. 10.) If a ray of ordinary light is passed through a 
crystal of calcium carbonate, known as Iceland spar, the ray is split into 
two eliverging rays. Thc'se* rays, instead of vibrating in all directions, 
ne)W' vibrate in single planes at right angles to each other and are said to 
be plane polarized. If light is passed through a Nicol prism ( see FiR-H), 
which is made of two pieces of Iceland spar ecmented together by Canada 
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balsaan, it is possible to defl(‘et one of 
these rays so that only one ray of polar¬ 
ized light passes through the Nicol 
prism. Many substances with which 
we will have to deal in biochemistry 
have the power, when in solution, of ro¬ 
tating such a ray of plane-))oiariz('d light 
when it passes through the solution. If 
the plane of polarized light is rotated 
to the right, the substance is said to lx* 
dextrorotatory. If the ray is rotafc'd to 
the left, the substance is said toJ)e lev- 
orotatory. Since th(‘ degre(‘ of rotation 
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Fi(3. 10. The differen(*e l)etwepn 
ordinary and planc-polarized light. 
.1 is ordinary light, vibrating in all 
planes, fi is plani^fiolarized light 
as it oniergt*s from a Xi(*ol prism, 
vibrating in only one plane. 


is characteristic of tlui substan(*<‘ and is propoHional to the concentra¬ 
tion of the substance in solution, W(‘ havc‘ a very valuable method 
available for the quantitative estimation of such a substance. 



Fig. 11. Diagram of a Ni<*ol piism. Two triangular p4(‘ pn ol leelaml spar are 
cemented together with Camilla balsam, H. The im*id»*nt ray of light, /, on entering 
the prism is doubly refracted. The ordinary ray, (>, upon striking is njflecU'd 
out of the prism. The extraordinary ray, A’, travels through (lu* prism and (unorges 
as a plane-polarized bi'am. 


Polariscope. In ordi'i* lo deti'rinim' th(‘ rotatory ability of a sub¬ 
stance a special instruim^nt has Iwnm di^veloped which is called a fiolari- 
seopc. (S«H' Figs. 12 and 13.) In its sinqilest form a polariseopi^ con¬ 
sists of two prisms, made of Iceland spar, s(‘parate(l from each othiT by a 


A 

E 



Fig. 12. The esscmtial features of a polariseoix*. I) is a source of yellow light; 
F is a light filter allowing only yellow light to pass througli; L is a lens for focusing 
the light on the stationary polarizing Nicol prism, C is a dark chamlxjr for holding 
the polariscope tulic, 7', which contains the solution to Ik' analyzed; A is the analyz¬ 
ing Nicol prism, w'hich may lx* rotati^d; S is a scale aftjiched to A for measuring the 
amount of rotation; L' is a lens for observing the light passing through A; is the 
eye of the observer. 
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dark tube. The prism nearer the source of light is in a fixed position and 
is known as the polarizing prism. The other, nearer the eye of the 
observer, is movable and is called the analyzing prism. If the two prisms 
are arranged so that their optical axes are in the same plane, light will 
pass through both prisms. If the optical axis of the analyzing prism is at 
right angles to that of the r)olarizing prism, no light will pass through the 
analyzing prism. In a polariscope the analyzing prism is arranged so 
that it may Ihj rotated. A s(‘ale indicates the number of degrees through 
which it is rotated. The zero point on the scale may be at the point 







Fig. 13. A Schmidt uiid Hacnsch saccharimcter, a polanscopc dc'^ignod for 
ssugar work. 


where the optical iixc's of the two prisms ar(‘ at right angles to each other 
and no light will pass through the instrument. The solution to be 
analyzi'd is placed in a tuU' of known length and introduced into the 
dark t uIk' conn(‘ct ing t lu* t wo prisms. Light passing through the polariz¬ 
ing prism is plane polarizinl. The plane of polarized light in passing 
through the optically active suhstamo is nitated either to the right or to 
the left. On striking the analyzing prism some of the light passes 
through, Ix^cause the plane of light is not at right angles to the optical 
axis of the analyzing prism. By rotating the analyzing prism, a point is 
reached w hen' no liglit passes through it. The optical axis of the analyz¬ 
ing prism is then at right angles to the plane of polarized light. By 
noting the scale, tlu' angle through w^hich the analyzing prism was ro- 
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tated can be determined. This is equal to the angle through which the 
plane of polarized light was rotated by the solution in the tube. The di¬ 
rection of rotation, either to the right or the left, can also be determined. 

Since different wavelengths of light are rotated to diifei'ent degrees 
by optically active substances, it is necessary to use monochromatic 
light in polariscopic work. Yellow light, which is known to the physicist 
as the D line of the spectrum, is ordinarily used. As iemperatum also 
influences the rotatory power of substances, it is c»istomary to make 
polariscopic readings at 20°C\ 

Specific Rotation. In order to standardize polariscopic work, the 
term specific rotation has been introduced. In formulas, specific rota¬ 
tion is representc'd by [a]. For example, means sfK'cific rotation at 
20°C., where the D line of the siK^etrum is usc'd. The specific rotation of 
a substance is the rotation in angular degrees of a solution containing 
1 gram in 1 cc. when read in a tulx» 1 deeiiiH^ter long. Sinc(‘ we cannot 
always work with solutions of this concentration, and since the rotation 
is proportional to the concentration, we can determine the specific rota¬ 
tion of a substanc(‘ by examining a solution of any known (‘oncentration 
and substituting in the following formula: 


where a is the observed rotation, I is the length of the tube in decimeters, 
and C is the conct^ntration, that is, the grams of substance in 1 cc. 

Optical Isomerism. JVIany comixiunds of biological int(T(*st have the 
power of rotating the plane of polarizcxl liglit. Perhaps the best exam¬ 
ples are to be found among the carbohydratc\s. Many sugars which 
have the same empirical formula aiv quite ditT(‘rent in their power to 
rotate polarized light. Compounds which hav(‘ ihv saim* empirical 
formula but which differ in their Ixdiavior toward polarized light are 
said to be optical or stereo isomers. 

A very simple* compound which displays this type of isomerism is a 
sugar containing three carbon atoms and called glycerose. There are 
three varieties of glyceros(>. One variety, wh(*n in solution, rotates the 
plane of polarized light to the right and is called dextroglycerose. 
Another rotates the plane of polarized light to the left and is called 
levoglycerose. A third variety is optically inactive and is called 
racemic glycerose. (Soe page 37.) 

Four different varieties of tartaric acid are known. One rotates the 
plane of pK)larized light to the right and is called dextrotartaric acid. 
Another rotates the plane of polarizc*d light to the left and is called 
levotartaric acid. Besides these there are two varieties of optically 
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inactive tartaric acid, one called racemic tartaric acid and the other 
mesotartaric acid. (Sec p. 38.) In naming optically active substances 
dexir(h and levo^ an* usually abhn*viat(Kl d- and /-. Sometimes raxxmic 
and 7WC.S0- are (l(*signated by d/- and a//-, respective!}". 

Racemic Mixtures. TIk* reason why nu'cmic tartaric acid is optically 
inactive was explain(*d by Past(*ur. lie noted that, when a solution of 
the sodium ammonium salt of nuu^mic tartai-ic acid was allowed to 
crystallize*, two kinds of crystals w(*re obtaimnl. Although they were 
similar in general app(‘aranc(*, th(*y actually w(*r(* (juite different, in that 
one kind was th(» mirror image* of the oth(*r. He st*parated the two 
kinds of ciystals by nutans of tw(H*zers, and on dissolving one variety in 
water ho obtain(*d a solution which rotates! the* plane of polarized light to 
the right, wli(*r(‘as a solution of the otlu^r variety rotat(*d the plane of 
polarized light to the* k‘ft. 

In oth(*r words, h(* show(Ml that ra(‘emic tartaric* acid was a mixture of 
50 per cent d- and 50 |K*r c(*iit /- tartaric acid. Tlu* optical inactivity of 
rac(*mic glyc(*rose can be exi)lain<*d on the same basis. It is possible to 
8(»parate racemic glyc(*ros(* into its two optically active components. 

IIeholittion of Uacemk^ IMixtuhes. The separation or resolution of 
racemic mixtures into thesr optically active constituents is important not 
only from the* theoretical but also from the* practical standpoint. Fre¬ 
quently either the* dc'xtro or the k'vo variety of an optically active com¬ 
pound is desir(*d wh(»n only the* rac*(*mic mixture* is available*. Obviously 
the method used by Past(*ur, known as tlu* mechanical method, for the 
resolution of a nwemic mixture* is tedious and imja-actical. 

The method usually used is known as the* chemical method. It 
involves pr(*pariiig a <k'rivative in which tla* (k‘xtro and levo varieties 
have differ(*nt solubilities. If rac(*mic tartaric acid is treat(*d with an 
alkaloid, .such as strychnine, brucine, or cinchonine, tin* alkaloid will 
react with tlu* two forms of tartaric acid to form a mixture of the d- 
tartaric acid and tlu* /-tiirtaric acid derivatives of tlu* alkaloid. These 
differ in their solubilities and may lx* sf*i)arat(*d by fractional 
crystallizat ion. 

A third method, knowm as the biological method, may bo employed. 
Man}" microorgani.sms, when grown on a rac(*mic mixture of an optically 
active comiKuind, will dost roy one variety and k*av(* the other unchang(*d. 
The unch4mg(*d variety can then lx* separati*d from tlu* solution in a 
pure form. For examiile, a species of the mold PcfiidUnim will attack 
only d-tartaric acid when grown on a solution of racemie tartaric acid. 
This mold can then bi* used for preparing /-tartaric acid from racemic 
tartaric acid. Obviously this method is of value only when the desired 
variety is not destroyed by the microorganism. 



EXPLANATION OF OPTICAL ACTIVITY 


37 


Eiqplanation of Optical Activity. The fundamental explanation of 
optical activity was propounded by Van’t Hoff and Le Bel. These men 
worked independently, Init Iwth advanewl the same theory about the 
same time. They notcnl that (»very earl)on compound which showed 
optical activity contained at k*ast om* carlxm atom which had attached 
to it four different elements or groups. They called such a carbon atom 
asynunetric. They advanced tin' theoiy that ojitical activity is due to 
the presence of an asymmetric carbon atom in the molecule. 

Optical isomerism can best b(‘ visualized by repn^senting the as 3 an- 
metric carbon atom as a tetrahedron, in whi(‘h the four corners are the 
four valences of carbon. The formulas for d- and /-glycerose would 
then be representI'd as follows: 


Clio 





d—OI)ei*nwo 


CHO 



'‘TI 


1 — CHjccroso 


It will be noted that these two fomiulas differ in that 11 and OH have 
exchanged places. That this difference is important is r(*(*ogniz(‘d if an 
attempt is made to su])erimpose one' formula on th(» otlu'r. It can Ik' 
readily seen that these two tetrahedrons cannot be superinii)()seil on each 
other and still have all the groui)s attaclunl to th(‘ asymmetric carbon 
correspond. It is also (»vid(»nt that one structure is th(‘ mirror image of 
the other. This different arrang(‘inent of the groups tied to an asym¬ 
metric carlxm atom accounts for the existence of two varieties of a com¬ 
pound containing such a carbon atom. Since it would obviou.sIy be 
difficult to write formulas in whicli carlxm is r(*present(‘d by a tetra¬ 
hedron, it is customary to us<‘ an ordinary graphic formula and to indi¬ 
cate the differences in optically active substances by tlu' position of the 
groups to the right oi* to the left of the asymnu^tric carbon atom. Thus 
the formulas for the two varieties of glyc<*ros(* would be: 


CHO 

I 

H—CJ—OH 

I 

CIIzOH 

cKjlyceroBe 


CHO 
HO—(*>-H 
CH2OH 

i-Glycerose 


Racrmir fc]>ci*rosc 

(a 5O-0O mixture of d- lujd i-slycerose) 
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Tarta«ric acid has two asymmetric carbon atoms, both of which are 
ai^mmetric for the same reason, that is, the four different groups tied to 
each asymmetric carbon atom are the same. If both of the asymmetric 
carbon atoms have* the doxtro arrangement, we have a molecule which 
is strongly dextrorotatory. This is dextrotartaric acid. If both the 
asymmetric carbon atoms arc lovorotatory, we have levotartaric acid. 
Racemic tartaric acid is a 50 pc*r cent mixture of each of these varieties. 
It is said to be optically inac'tive on account of external compensation. 
If one of the asymmetric carbon atoms of tartaric acid is dextrorotatory 
and the other levoroiatory, then one asymmetric carbon atom neutral¬ 
izes the rotatory powc'r of the other, and we have optical inactivity due 
to internal compensation. This internally compensated tartaric acid 


is ineHotarlaric acid. 



(T)()T1 

('OOH 

COOH 

1 

ii—r—Oil 

1 

H()—(’-11 

1 

H—(’—OH 

1 

H—(’—OH 

1 

no- r-ii 

1 

H—('—OH 

1 

d-Tarlfiric acul 

1 

OOOH 

2>Tur(aric acul 

i^'OOH 

Mesotartaric acid (inactive) 

Uuiemu tarUiric ait<l (mtuiive) 



In these formulas it will be noted that the two central cart)on atoms 
are asymmetric. At first sight it appe^ars that the two asymmetric 
carbon atoms in dextrotartaric Jicid, for example, do not have the same 
arrang«‘ment of groups attached to them In^cause the Oil groujis are on 
opposite sides of. th(* molecule. IIowtvct, if the formula is rotated 
clockwise 180 °, it can Ik* smi that the* arrangement of groups is the same 
as it 'was before rotation. Thus both carbon atoms have the same 
arrang('ment of groups tii*d to them; and, if this arrangement causes a 
rotation of polariz(*d light to the right, the compound should be doubly 
active in its d(*xtrorotatory prop(*rties. 'Fhe same (*xplanation applies to 
levotartaric acid. In mesotartaric acid it w'lll be noted that the top 
asymmetric carbon atom is dextro and the bottom one levo. Thus the 
rotatory pow'cr of one asymmetric carlxin atom neutralize that of the 
oth('r, and mesotartaric ac’id has no rotatory jwwer. 

We have us(*d for our discussion of optical activity glycerose and 
tartaric acid, both of which aix* rather simple compounds. It should be 
noted at this point that most of the organic compounds of biological 
importance are much more coniplicatinl, aind most of those in which 
optical activity exists have many asymmetric carbon atoms. Hence 
the }>ossibilities for optical isomerism are greatly increased. In a rather 
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simple compound like glucose there are four asymmetric carbon atoms, 
and the number of possible optical isomers is sixteen. In more compli¬ 
cated compounds, such as the proteins, the possibilities for optical 
isomerism are much greater. 

REVIEW QUESTIONS 

1. Name three biologically important properties of water and state the im[x>rtance 
of each. 

2 . State Avogadro’s law. 

8. Define osmotic pressure, semipermeable membrane, osmosis, djulysis, hyper- 
tonic solution, hypotonic solution, isotonic solution, physiological salt solution, plas- 
molysis, and plasmoptysis. 

4 . If 50 grams of a compound which does not ionize is dissolved in 1 liter of water 
and the osmotic pressure is found to be 10 atmospheres, what is the molecular weight 
of the compound? What are the frwzing and thc‘. boiling jioints cf the solution? 

5 . If 10 grams of a compound whic;h docs not ionize is dissolved in I liter of w'lter 
and the freezing point is — 0.31"’C., what is the molecular weight of tho compound? 
What are the osmotic pressure and the boiling }K)int of the solution? 

6. How may the freezing point of milk be used U) tell the amount of water added 
to milk? 

7 . The molecular weight of a comixiund which docs not ionize is 200. If 50 grams 
is dissolved in 1 liter of water, wliat will the osmotic pressun* and the boiling and the 
freezing points of the solution be? 

8. If the osmotic pressure of a solution is 10 atmospliorcs, whal are the freezing 
and the boiling ]ioints of the solution? 

9. What is meant by colligative proiiertics of solutions? 

10 . What is meant by surface tension? (live a theory explaining it. 

11 . Define adsorption and negative adsorption. 

12 . Distinguish biitween the quantity and the intensity factors in acidity. 

13 . What is a normal solution of an acid? Of a base? What is a standard solu¬ 
tion? What is a normality factor? What is meant by titratabhi acidity? 

14 . If a solution has a pH of 6, what is the pOH? Is the solution acidic, basic, or 
neutral? 

16 . Name two general methods for determining pH. 

16 . Name three electrometric methods for deU^rniining pH. 

17 . Describe a colorimetric and an electronu^tric method for determining pH. 

18 . What is meant by a bufier solution? 

19 » Discuss indicators as applied to acids and bases. 

20 . What indicator would you use* in titrating a weak acid against a strong base? 
A weak base against a strong acid? 

21 . Discuss Donnan’s theory of membrane equilibrium. 

22 . How did Thomas Graham classify substanc^is on the* basis of diilusibility? 

23 . Compare in outline form true solutions, colloidal solutions, and suspensions. 

24 . Describe an ultramicroscope. 

26 . What is meant by Brownian movement and the Tyndall phenomenon? 

26 . Define dispersed phase, dispersion medium, suspensoid, emulsoid, hydropho¬ 
bic, hydrophilic, sol, and gel. 

27 . Define electrophoresis and isoelectric point. 

28 . Explain how the charge on a colloidal particle may originate. 
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S9* Dibcuss tho precipitation of colloids. 

Mt What is iiujant t)y a protective colloid? What is the gold number? 

81. Discu&s the structure of gels. 

88. Whut is meant by coagulation, syncrcsis, and imbibition? 

88* Explain how the colloidal statci may be an aid to chemical reactions taking 
place in protoplasm. 

84. Define oj)ti(‘al activity, polarized light, Xicol prism, dextrorotatory, monochn)- 
matic light. 

88. Draw a diagram of a iiolariscopc, indicating the important features. 

86. Deiiin‘ specific rotation. 

87. Name and account for three variotic.s of glyct'roso and four varieties of tartaric 
acid. 

88* What is an usymmetru* carlMiii atom? A racemic mixture? External com- 
poasation? Internal eomis'iisation? 

89. How may a racemic mixture b(‘ st‘parated into its optically active components? 
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CHAPTER III 

CARBOHYDRATES 

From the biochemical viewpoint the three most important classes of 
organic compounds are the carbohydrates, lipids, and proteins. In 
this chapter we will consider the carbohydrales. The carbohydratc^s 
an' considen'd first, because from the clu'mical standpoint th('y are the 
simplest, and becaust' th(' 3 ^ form a part of sonu' of the more complex 
lipids and proteins. From the standj)oint of animal nutrition the 
carbohydrates are the most almndant constitiuml of many foods, l>eing 
the source of a large part of the heat and m(‘chanical (‘n('rg\ of the body. 
Although th(' carboh^'drates are usually thought of as a source of heat 
and energy, it should not bt' overlookc'd that tlu'y also occm* as a i)art of 
protoplasm and must then'fore be essc'utial for tlu' building of bodj” 
tissue. 

The most abundant carboh^^dratt' found in nature is c('llulos(', which 
is the main constitiu'iit of woody tissiu', tlu* mat(‘rial which gives plants 
tlu'ir structure. Although c(*llulose cannot be uti]iz(*cl as a food by man, 
it is found in many of our foods. The starches, also occurring abun¬ 
dantly^ in natun*, are the main source of carbohydrati* in tlu* diet. 
Simpk'r sugars, such as ghico.s(', suciosc', and lactose, arc* also important 
sources of carbohy'drate in nutrition. 

Perhaps the most iini)ortant g(*neralizations that can lx* made con¬ 
cerning the comj)osition of car boh.yd rates an* that tlu'y an* com post'd 
of carbon, hy'drogc'ii, and ox.vg<*n, and that the* hydrogen and oxyg(*n 
are usually in the proportion of two to oiu*, just as in watc'r. The nanu* 
(‘arbohydrate means a hydrated form of carbon. Tlu* nanu* is mislead¬ 
ing, however, bt'caust* water dot's not exist as such in a carbohytlrate. It 
is simply a coincidence that in carlx>hydratt*s hy'drogt'ii and oxygc'n have 
this relationship. 

It should be noted at this point that not all t)rganic compt)unds con¬ 
taining hydrogen and oxygc'U in the proix)rtion found in w^ater are 
carbohydrates. For example, acetic acitl (CMI;<('()()II) is not a carbo- 
hy^drate. Also, some carlwhydrates, such as rhamnost* (C^oHi206), do 
not contain the correct propt)rtions t)f hytlrogen anti oxygt'n. 

The simplest carbt)hytlrates, s^wnetimes calltxl monosaccharides or 
simple sugars, art* derivatives of iwlyhydric alct)hoLs. If one alcohol 
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group in a polyhydric alcohol is oxidized to an aldehyde or a ketone, as 
the case may be, the result is a simple carbohydrate. Thus a simple 
carbohydrate may be defined as the first oxidation product of a poly¬ 
hydric alcohol in which either an end alcohol group is oxidized to form an 
aldehyde or some other alcohol group (usually the second) is oxidized to 
form a ketone. Thus we have two kinds of simple carbohydrates or 
sugars: aldehyde alcohols, called aldosesi and ketone alcohols^ called 
ketoses. 

The most common simple sugars with which we have to deal are 
if-glucose and d-fructose. These are oxidation products of the poly¬ 
hydric alcohol d-sorbitol, and the relationships are indicated in the 
accompanying formulas: 



HO--c-n 


H-C-OH 

I 

n 

d'Sorbltol 


H-C-OH 

H-C-OH 

H-C-OH 

I 

H 


(t-O^tow, a ketoae. 


Classification of Important Carbohydrates 

I. Monosaccharides or simple sugars. 

1 . Pentoses, CBH10O5. 
a. Aldoses. 

Z-Arabinose. 

d-Xylose. 

d-Ribose. 
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2. Hexoses, CeHuOe. 

a. Aldoses. 

d-Glucose. 

d-Galactose. 

d-Mannose. 

5 . Ketoses. 

d-Fructose. 

II. Disaccharides, C12H22O11. 

1. Those which reduce Fehling’s solution. 

Maltose (d-glucose + d-glucose). 

Cellobiose (d-glucose + d-glucose). 

Lactose (d-glucose + d-galactose). 

Melibiose (d-glucose + d-galactose). 

2 . Those which do not reduce Fehling’s solution. 

Sucrose (d-glucose + d-fructose). 

III. Trisaccharides, C18H32O16. 

Raffinosc (d-fructose + d-glucose + d-galactose). 

IV. Tetrasaccharides, C24H42O21. 

Stachyose (d-fructose + d-glucose + d-galactose + d-gi lnctose). 

V. Polysaccharides. 

1 . Pentosans, (C5H8O4)* 4 * H2O. 

Araban (Z-arabinose). 

Xylan (d-xylose). 

2 . Hexosans, (CeHioOs)* + H2O. 

o. Glucosans. 

Starch. 

Dextrin. 

Glycogen. 

Cellulose (normal). 

b. Fructosans. 

Inulin. 

c. Mannosans. 

Vegetable ivory. 

3 . Mixed polysaccharides. 

Gums. 

Mucilages. 

Hemicelluloses. 

Compound celluloses. 

The simple carbohydrates are classified on the basis of the number of 
carbon atoms in the chain. That with two carbon atoms is called a 
diose; those with three, trioses; with four, tetroses; with five, pen¬ 
toses; with six, hexoses; etc. With the exception of the diose, each of 
these groups is again divided into aldoses and ketoses, depending on 
whether it contains aldehyde or ketone groups. The di-, tri-, tetra-, and 
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polysaccharides are sometimes spoken of as compound sugars. They 
are made up of monosaccharide units linked together by the splitting 
out of water. 


Simple Sugars 


Diose. The simple sugars an' those which cannot be broken down by 
hydrolysis into simpler sugars. The simplest compound which corre¬ 
sponds to our definition of a carl)ohydrate is glycollic aldehyde, the first 
oxidation product of ethylene glycol. 


H 

I 

H—C—()H 

I 

II—OH 

I 

n 

Ethylt^ne 

fflyool 


H 

Lo 

I 

H—C—OH 


Glyoollie 

aldehyde 


+ H2O 


Cilycollic aldehyde is a diose sugar of thc' aldose variety. Since both 
of th(' alcohol groups in ethylene glycol are primary, it is impossible to 
obtain a ketone on oxidation. An ('xamination of the formula for gly¬ 
collic aldehyde' shows that it contains no asymmi'tric carbon atom and 
therefore it exists in only one* form; in oth(T W'ords, it has no optical 
isomer. Th(‘re is, then'fore, only one dios(' sugar, namely, glycollic 
aldehyde. 

II 




c=o 

H-C-OH 

H 


^ II-C-OH 

1 


1 

II-C-OII 


11 

n-c-oii ^ 


Olyccrose 



11 

1 

H 


. II-C-OH 

QlyccroL 


^ 6=0 
H-C-OH 

1 

H 

Dlhydroxyacotone 


Ttioses. The trioses are oxidation products of the trihydric alcohol 
glycerol. In this case both an aldose and a ketose are possible. The 
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aldose is called glycerose, and the ketose dihydrozyacetone. A glance at 
the formula for glycerose shows that the central carbon atom is asym¬ 
metric. Therefore' glycerrhse exi.sts in two forms, one of which rotate.s 
polarized light to the right (</-glycen).so) and the other to the left (f-gly- 
cerose). Their formulas an> as follows: 


H 

I 

('=() 

I 

H-C'-OH 

I 

I 

n 

d-Glyoeruse 


H 

I 

C=() 

I 

HO—('-H 

I 

H-(’—OH 

A 

^-Glycerose 


It should be noted that fZ-glyeerose has the OH group oti the carbon 
atom next to the primary al(‘ohol group on the right, wherea« /-glycc^rose 
has this Oil group on the left. Tliis dififerenee is important, l)ecau80 all 
th(‘ long(»r-chained sugars are considered as having been derived from d- 
or /-glycerose, and it is possible to tc^ll wlu^ther a sugar is dc^xtro or levo 
1 ) 3 ^ observing th(» position of the OH groups on tlu^ carbon atom next to 
the primary alcohol group. The letter d- or /- Iw^forc* the name of a sugar 
does not necessarily mean that it rotates ])olariz(Hl light to the right or 
l(‘ft, but rather that it is structurally ndated to d- or /-glycemse. 

Th(* derivation of the tetros(», pc'iitose, and h('xose sugars of the dextro 
variety from d-gl^Tt'rose is indicat( kI on pp. 40 and 47 . 

In the outline on pp. 46 and 47 it should be noteni that each sugar is 
derived from the one abov(» it by intrcKlucing an IK'Oil group next to 
the aldehyde group. The sign in parentheses indicates the direction of 
rotation of the sugar, + for d(‘xtro and — for levo. 

A similar series of sugars may lx* deriveni from /-glyec^rose, and there¬ 
fore there are four tetroses, «‘ight pemtoses, and sixtc'cn hcixoses. 

The number of optical isomers of a sugar is related to the number of 
asymmetric carbon atoms in the molecule and may be calculated by the 
use of the following formula: 

Number of isomers = 2 ^ 

in which n equals the number of asymmetric carbon atoms. 

Desoxy sugars. All the simple sugars mentioned so far have been 
aldehyde or ketone alcohols in which each carbon atom except the alde¬ 
hyde or ketone carlxjn has had an OH group attached to it. All these 
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sugars have corresponded to the general formula C„H2nO„. There are 
compounds which arc considen^d true sugars in which one or more of the 
on groups have lH*(»n r(*i)lac('d by H. These sugars, called desoxy 
sugars, are fr(*(iu('ntly cncount(T(»d in biochemistry. A common desoxy 
sugar foimd in plants is rhamnosei which is 6-desoxy-Z-mannose and has 
the following formula: 

H 

u 

II—(''—OH 

H——OH 
HO—H 

no—(LH 

II—(Lh 
I 

ft 

Rhamnose ((>*I)eBoxy-2-mannoBe) 


The 0 refers to the carbon atom which has no Oil group numbering 
fi*om th(» ald(‘hy(lo carbon. Hhamnoso is som(‘tiines spoken of as a 
methyl iM»nlos(‘. 

Since the pentoses and th<' h(‘Xoses, with their condensation products, 
are of most importanci* to the bioch(‘mist, we shall confine' our discussion 
to these' two groups. 


Pentoses 

The pentoses are sugars with fiv(' carbon atoms. A glance at the for¬ 
mula for an aldopentose indi(*ates that tlu' molecule contains three 
asymm('tric carbon atoms. This fjict at onc(' sijgg('sts great possibilities 
for optical isomerism. Applying the formula given above to an aldo¬ 
pentose, we find 

Numlx'r of isomers = 2® = 8 

Of the eight aldopentoses only four are found in nature, namely, 
and I-arabinose, d-xylose, and d-ribose. d-Arabinose is found in 
certain glucosid('s, Z-arabinose in gum arabic, d-xylos(' in wotxl and straw, 
and d-rilx)se in some nucleic acids. The following are the formulas for 
these pentoses: 
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''fhe pentoses oeeiir cjuile commonly in plants in the form of poly¬ 
saccharides calk'd pentosans. They are not found to any great extent 
in animals. Under c('rtain (‘onditions, pc'ntosc's are pres('iit in human 
urine. As a food for human Ix'ings pimtoses are unimportaiit Herbiv¬ 
orous animals can us(' them as food, but the extent to which man can 
utilize them is uncertain. 

Pentoses may be distinguislu'd from hc'xoses by the fiu*t that common 
bread yeast will not ferment pentosc*s but will ferment hexos(\s. Often 
it is important to determine wla'ther a sugar in solution is a pentose or 
a hexose. If such a solution is trc'ated with breiwl y('ast, and the sugar 
disappears after sufficient time has elapsed for fermentation to occur, 
the sugar must be a hexose. On the other hand, if the sugar rc'mains 
alter being exposc'd to yeast, it must be a ]>entose. IVrhaps the most 
characteristic reaction of pentoses occurs on boiling with llUl, when a 
p(‘ntose decomposes, forming furfuraldehyde. 
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Furfuraldehyde is volatile and may be dctectc'd in the distillate by the 
red color which it gives with aniline acetate. Furfuraldehyde also 
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forniB an insoluble compound with phloroglucinol. A method for the 
quantitative determination of pentoses is based upon this fact. 


Hexoses 

The most important, carbohydrates from the standpoint of foods and 
nutrition an* the h(»xoses and their condensation products. Only four 
of the hexose monosaccharid(\s are important, namely, d-glucose, 
€f*mannose, d-galactose, and d-fructose. These are oxidation products 
of the three polyhydric* alcohols, d-sorbitol, d-mannitol^ and d-dulcitoL 
The relationships are evident from the following formulas: 
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These formulas show that r/-glucosc may l)e derived from d-sorbitol, 
d-mannose from d-numnitol, d-galaetose from d-dulcitol, and d-fruetose 
from cither d-sorbitol or d-inaniiitol. The purpose of the dotted line 
between the swond and tiu* third carbon atoms of the formulas for 
d-glucose, d-fruetose, and d-mannose is to emphasize the fact that these 
three sugars have the same arrangement on the last four carbon atoms. 
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If the fact that (f-glucose has all its OH groups on the right-hand side of 
the molecule except on the third carbon atom is kept in mind, it is easy 
to recall the formula for each of the other sugars, for d-fructose differs 
from d-glucose in that it is a ketose; d-mannose differs on the second 
carbon atom, and d-galactose on the fourth carbon atom. 

From the formulas it will be noticed that d-glucose has four as3rm- 
rnetric carbon atoms. Using the formula just discussed, we can see that 
there are sixteen po.ssible isomers of d-glucose. Since d-fructose has 
three asymmetric carbon atoms, it is possible to have eight isomers of 
this sugar. 

Reactions of Carbohydrates 

Molisch’s Test. The Molisch test is important because it is a test for 
carbohydrates in general. Any material containing caibohydrates will 
give a positive Molisch test. The test is j)eifonned by adding a few 
drops of an alcoholic solution of a-naphthol to th(‘ solution to tested 
in a test tube. C'oncentrated II2SO4 is then pourc‘d down the side of 
the tube carefully so that it forms a lay(‘r at the bottom of the tube. 
A positive test is the formation of a violet color at the juncture of the 
two liquids. The reaction is due to the production of furfuraldehyde 
or related compounds by the action of the acid on the carbohydrate. 
The color is due to the action on the a-na])hthoI of th(‘ aldehydes formed. 

Moore’s Test. The Action of Alkali on Carbohydrates. If a glucose 
solution to which has Ihh'U added a strong solution of NaOH is boiled, a 
brown color will develop, and an odor of caramel can Iw* detectcKl arising 
from the solution. In the jiresence cd strong alkali any carbohydrate 
having a frcKJ aldehyde or ketone group will Ix' attacked and, on heating, 
will be broken down into reactive fragments. In the absence of oxygen 
these fragments unite to form caramel-lik(‘ condensation products. If 
air or oxygen is bubblcxi through the solution during the heating, the 
brown color will not develop, for the rea^’tive fragments will be com¬ 
pletely oxidized. (In baking, if too much soda is ustxl as a leavening 
agent, a tan product will be formed by the action of the alkali on sugars 
present.) 

In the presence of weak alkali the change in the sugar molecule is not 
so deep-seated. Rearrangement of the atoms in the molecule may take 
place, with the result that one sugar may change into another. 

The interconversion of d-glucose, d-mannose, and d-fructose in the 
presence of weak alkali has been explained on the assumption that each 
of these sugars in the presence of alkali forms the same enol. This enol 
is unstable and tends to revert to the aldehyde or ketone form, giving a 
mixture of the three monosaccharides. I’hus, starting with any one of 
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the above sugars, one ends with a mixture of the three. This reaction is 
known as the Lobry de Bru3m transformation. 
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Among the di- jiiul }>olysa(*chari(los we find that only those with a free 
earbonyl (("=()J group an* attacked by alkali, and in those sugars 
the actions are similar to those discussed. A disa(*charide like sucrose, 
wliich contains no fr(»e carbonyl group, is not a(‘t(*il on by (*ven strong 
alkali. Glycogen, which is a polysaccharide, is not destroyed by boiling 
with 30 per cent NaOII solution. 

Action of Acids on Carbohydrates. In the last section we learned 
that most polysaccharides are very stable in the pri\s(»nce of alkali(\s. 
This is not true with acids. Di- and polysaccharides are easily hydro¬ 
lyzed into their constituent monosaccharides when boiled with acid. 
We have alivady pointed out that pentoses are converted into fur- 
furaldehyde when boiled vrith HCl. Hexoses under the same con¬ 
ditions give a variety of decomposition pnxlucts, including hydroxy¬ 
methyl furfuraldehyde, levulinic acid, formic acid, and carbon monoxide. 
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Ijcvulinic acid may be identified by the fact that it gives iodoform when 
treated with iodine in the presence of alkali. 
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Oxidation of Carbohydrates. Since sugars contain alcohol and alde¬ 
hyde or ketone groups, it is evident that tlu^y may he oxidized. In 
fact, the H'ducing property of sugars containing th(' aldehyde or 
ketone group is one of their most important reactions from th(‘ chemist’.s 
standpoint, since this property is used in t(\stiiig for sugar and deter¬ 
mining the amount of it pr(*sent in biological materials. If a simple 
sugar like glucose is oxidized, many produ(*ts are formed. On complete 
oxidation, OO 2 and II 2 O are formed. We will discuss only some of the 
oxidation products in which the molecule n'tains its six carbon atoms. 
Three such oxidation products of glucose are those represcmttKl by the 
formulas on p. 54. 

The most important of these compounds physiologically is glucuronic 
acid, which is formed in the ])ody and })lays a vital role by uniting with 
many toxic substances to form inert paired comjwninds which are elimi¬ 
nated in ihv urine. This j)rocess is often .spoken of as protective synthe¬ 
sis, because by this mc'ans the body protects its(»lf against toxic sub¬ 
stances. Some of the comjiounds made nontoxic by this jirocess are 
chloral, benzene, nitrobenzene', aniline, phenol, turjx'ntine, and camphor. 

Other sugars oxidize in a manner similar to that of glucose, producing 
analogous products. It is common practice to sjx'ak of sugars with the 
primary alcohol group oxidized to carboxyl as uronic acids. Since this 
t('rm is used frecpiently in biochemical literature', it is important to 
l)ecome familiar with it. 

Fehling’s Solution. Perhaps the most important reducing action of 
sugars with which the chemist is concerned is the reduction of copper 
salts to cuprous oxide by sugars which contain a fr(*e aldehyde or ketone 
group. The reaction is especially rapid in alkaline solution. It will txj 
recalled that strong alkali breaks up reducing sugars into reactive frag¬ 
ments. Since, in the presence of alkali, copper is precipitated as 
Cu(OH) 2 , it is necessary to add something to the reagent to prevent 
this reaction. The substances used are generally salts of hydroxy acids. 
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The OH groups tie up Cu, forming a complex soluble compound. The 
Ijest-known solution of this kind is Fehling's, wliich is made by adding to 
a solution of CuS 04 a solution containing Rochelle salt and KOH or 
NaOH. The C''uS 04 is the oxidizing agent, the KOH makes the sugar 
more reactive, and the Rochelle salt prevents the precipitation of the Cu 
as Cu(OH) 2 . The soluble Cu compound is probably formed thus; 
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The Cu ( 0 H )2 is in equilibrium with the complex tartrate. As fast as it is 
reduced, more is formed by a reversal of the reaction. The two con¬ 
stituents of Fehling’s solution are not mixed until just tx'fore using, 
Iwause the tartrate itself would tend to reduce the copper in time. 

When a sugar solution containing a fn'c aldehyde or ketone group is 
boiled with Fehling’s solution, the characteristic result is a brick-red 
precipitate of CU2O. Sometimes the precipitate is yellow because of 
the formation of Cu(()H), which on long boiling should change to 
CU2O. A slight yellow precipitate often appe^ars gr('(*n b(M aiise of the 
influence of the blue of Fehling’s solution. If conditions ire carefully 
controlled, Fehling’s solution may be usc'd for tlx* cpiantitative deti^rmi- 
nation of sugar by weighing the ('U2C formed. Each milligram of 
CU2O is equivalent to a definite weight of sugar. 

Benedict’s Solution. Another copiKT solution w^hich is used widely 
in testing for sugars is Benedict’s. The main diffen‘nce between it and 
Fehling’s solution is that it contains Na2C()3 insti^ad of KOH and is 
therefore not so strongly alkaline. It also contains sodium citrate in 
place of Rochelle salt as the salt of the hydroxy acid which prevents the 
precipitation of C"u(OH)2- It has an advantage over Fidiling’s solution 
in that all the ingredients may lx‘ mix(‘d togc*ther at once, forming a stable 
solution. Becau.se of its weaker alkalinity it is more sc^nsitive than 
Fehling’s solution. The strong alkali of Fehling’s solution tends to 
destroy traces of sugar, and henc(' small amounts of sugar may not be 
detected with Fehling’s solut ion. 

COONa 


HO—C—COONa 


COONa 

Sodium citrate 


The solution just descrilH^d is Benedict’s qualitative reagent. There 
is also a Benedict’s quantitative reagent, which has in it KSC'N and 
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K4FefCN)e in addition to the ingredients in the qualitative reagent. 
When boiled with a solution of a reducing sugar, a white precipitate of 
("uSCN is formed instead of CU2O. The K4Fe(CN)6 prevents the pre¬ 
cipitation of CU2O. The solution is made of such a strength that 25 cc. 
requires 50 mg. of glucose to reduce all the copper in it. For the test 
25 cc. is measured into an evaporating dish and solid Na^COa is added. 
The sugar solution to l>o analyzed is then aclded from a burette to the 
lioiling solution until all the copper is reduced, as indicated by the dis¬ 
appearance of the blue color. The volume of sugar solution added is 
then noted. In this volume thei-e must have Ix^en 50 mg. of glucose. 
The solid Na2('()3 is added to maintain a saturated solution of Na2('()3 
during the dilution i)rocess brought about by the addition of the sugai* 
solution. Since Ikmedict’s qualitative and quantitative solutions look 
alike, it sometimes becomes neccvssary to distinguish between them. 
'1 his can easily Ix' done by adding to the solution in question some reduc¬ 
ing sugar solution and boiling. The qualitative solution gives a brick- 
nd precipitate*, whereas the quantitative solution gives a white one. 

Barfoed’s Solution. Anoth(‘r common copper solution is Barfood\s 
reagent, which is unique in that it has an acid iastead of an alkaline* 
reaction. It is made of cupri(* iu*etate to which have been added a 
few dro])s of iM*(*tic acid. As would be expected, sugar solutions do 
not rcnlucc* Barfotnl’s solution as readily as they do Fehling’s and Beiu*- 
dict’s solutions. In fact, disac(*harides which reduce* Fehling’.s solution 
rapidly n*duc(* Barfo<*d’s solution very slowly. Monosaccharides reduce 
it fairly rapidly. Because of these facts Barfoed's reagent is used to 
distinguish between mono- and di.saccharid(*s. When Barfoed's reagent 
is (*mploy(*d for this purpoM*, it must be kept in mind that continued boil¬ 
ing will effect a r(*duction ev(*n with disaccharides. 

Nylander’s Solution. Another solution which is used to test for 
i-educing sugars is Nyland(*r’s reagent. It is similar to Fehling’s solution 
but contains bismuth subnitrate in place of copper sulfate. On boiling 
with a solution of a reducing sugar black metallic bismuth precipitates. 
Nylander’s solution lias c(*rtain advantages over copper solutions in 
testing for sugar in the urine in that it is not reduced by uric acid and 
some other urinary constitU(*nts which reduce copper. The chemistry 
involved in the reduction of Nylander’s reagent may be represented as 
follows: 

BiCOIDaNOg + KOII ^ Bi(()H)3 -h KNO3 
2 Bi(()II )3 2 Bi + 3H2O + 30 

Other Reagents Reduced by Sugars. Sugars will nxluce many other 
compounds besides those of copper and bismuth. Ammoniacal silver 
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nitrate is reduced to metallic silver. KMn04 s<)luti()ns are reduced, as is 
indicated by the disappt^arance of their nnl color. In alkaline solution 
picric acid is n^duced to pici’amic jicid, which is mahogany ixni in color. 
This reaction is made th(' basis of a widely used colorimetric method for 
the determination of sugar. In the jimseiicc* of alkali, methylene blue 
is reduced to a colorless compound juul phosphotungstic acid to a blue 
compound, possibly an oxide of tungst(*n, 

Reduction of Carbohydrates. In addition to IxMiig oxidized, carbo¬ 
hydrates may lx* ix^luced. If the akk'hyde group of a simple sugar is 
reduced to an alcohol, th<‘ corresjxaiding ixilyhydric ak^ohol is obtained. 
d-Glucose gives d-sorbitol; r/-niannos(‘, d-inannitol; f/-fructos(», both 
d-sorbitol and d-mannilol; and d-galactos(^, d-ihilcitol. (S(H‘ p. 50.) 
Mamiitol is rather commonly found in nature' and is ])n*bahly formed by 
the reduction of fructose. 

The formation of fats from sugar in the animal body must involve a 
reduction process, since fats contain much k'ss oxygen than 'carbohy¬ 
drates. That the exctvss of oxygc'ii ix'sulling froiii the conversion of 
carbohydrate to fat in the body can r(‘plac(‘ atmosph(*ric oxygen obtaint'd 
through respiration can Ix' di'inonstrail'd ('xpt'riiiK'ntally In an animal 
which is converting carbohydrate into lat thc' amount of oxygen con¬ 
sumed from the air is (k'fiuitely less than whc'ii such eonvc'rsion is not 
taking place. Oxidation in which the oxyg(‘n (‘ontaiiKnl in food mole¬ 
cules is used is often spoken of as anaerobic or intermolecular oxidation. 

Reactions of Carbohydrates with Phenylhydrazine. If a solution of a 
reducing sugar is luxated with jjhenylhydrazini', a yellow precipitate is 
finally obtained. The precipitail'd com]»ound is called an osazone. 
The reaction takes place hi several stejis thus: 
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In oaazone formation onlj’ tlio first two carbon atoms of the sugar are 
involved. Hence sugars which hav(‘ the same ariangement on the last 
four carlKin atoms will yield the same osazone. Since this is true of 
c/-glucose, (/-fructose, and (/-mannose, all thren:' of these sugars give the 
same osazone. Hk* osazone of d-galactosc' is different, because the 
arrangement of groups on the fourth carbon atom differs. Since (/-fruc¬ 
tose may l)e made from d-glucose by the osazone redaction, it is evident 
that the two sugars have identical configurations on the last four carbon 
atoms. 

Although (/-mannose forms the same osazone as d-glucose, it should be 
noted that the hydrazone is different. The hydrazone of (/-glucose is 
.soluble; that of (/-mannose is insoluble. Careful observation during the 
pri'paration of an osazone from (/-mannose will reveal the formation of a 
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Kite precipitate, which changes into a yellow one. The white precipi- 
te is the hydrazone of d-mannoso. 

If methylphcnylhydrazine is substituted for phenylhydrazine in the 
,)reparation of osazones, it is observed that only ketoses react. This 
'(•action often serves to distinguish between aldose and ketose sugars. 

The importance of osazones is that they are easily formed from 
nducing sugars' and may be used to identify sugars. (See Fig. 14.) 
()sazones are differentiated by their microscopic appearance and also by 
their melting points. The osazone of lactose, for example, has a very 
characteristic appearance under the microscope. 

Ester Formation. Since sugars contain OH groups, they should form 
esters with acids. Perhaps the most important of these osiers from the 
biochemical standpoint are those in which H3PO4 is the acid. It is 
Ixilieved that, before glucose can be utilized as a food by the animal body, 
it must be first converted into a phosphate. 
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The 6 in cf-glucose-6-phosphoric acid indicates that the Il 3 p ()4 is attached 
to the sixth carbon atom of glucose, counting from the aldehyde carbon. 

Fermentation of Sugars. The word fermentation usually brings to 
mind the conversion of sugar into alcohol by means of yeast. Common 
bread yeast will ferment only sugars with three, or a multiple of three, 
carbon atoms. The hexose sugars d-glucase, d-mannose, and d-fnictase 
ferment easily; d-galactose ferments with difficulty. Pentos(‘S do not 
ierment with common bread yeast. The reaction taking place during 
alcoholic fermentation may be represented by the following equation: 


C6H12O6 2C2H6OH + 2CO2 

Glucose Ethyl alcohol 

"Tiis equation, however, merely reprebcnts the net results of alcoholic 
f rmentation. In reality the process involves a long series of compli- 
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Fig. 14 . Osazcmt's of common hUf];ar^. From Biochemical Ijaboratory hfethoda 
by Morrow and Sandstrom. 
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cated reactions which will be discussed in Chapter XII on carbohydrate 
metabolism. 

In addition to alcoholic fermentation other changes produced by 
microorganisms acting on carbohydrates are classed as fermentations. 
When milk sours, the lactic acid bacteria change the lactose of milk into 
lactic acid. This reaction is spoken of as lactic acid fermentation. At 
the present time citric acid is made commercially by the fermentation of 
sucrose by a fungus. We also have oxalic and butyric acid fermenta- 
tians, as well as many others. 

Mutarotation. If a solution of a reducing sugar is prepared and its 
rotation observed, it will be noticed that the rotation changes on stand¬ 
ing. If the solution is allowed to stand for several hours, the rotation 
finally becomes constant. A drop of alkali will produce the constant 
reading immediately. This change in rotation is called mutarotation. 

Mutarotation has be(‘n explained on the basis that I’educing sugara 
exist in two isomeric forms, which have bc^en called the alpha and beta 
forms. For d-glucosc the alpha form has a specific rotation of +113.4®; 
the beta form, of +19®. Ordinary dry glucose is mainly a-d-glucose, so 
that immediately after solution its specific rotation approaches +113.4®. 
As soon as a-d-glucosc dissolves, some of it changes to jS-ei-glucose until 
an equilibrium mixture of the two sugars is produced when the specific 
rotation becomes constant at +52.2®. If jS-d-glucose is started with, 
the initial specific rotation approaches +19®. Then iS-d-glucose changes 
to a-d-glucose, until the same equilibrium mixture is obtained and the 
specific rotation again becomes constant at +52.2®, 

In order to explain the existence of two varieties of d-glucose a more 
complicated structure for d-glucose tlian that presented in our previous 
discussion must be assumed. It is now believed that the structure of 
d-glucose is best represented by a formula in which the aldehyde carbon 
atom is linked to the fifth carbon atom through an oxygen atom. This 
linkage is spoken of as the amylene oxide or delta-oxide ring. Since 
with this new type of linkage the aldehyde carbon atom becomes asym¬ 
metric, it is obvious that there should be two isomers of d-glucose, 
namely, a- and 0-d-glucose. The formulas for the alpha and beta forms 
of d-glucose arc as shown on p. 63. 

Since these formulas do not contain a free aldehyde group and since 
many of the reactions of sugars have been explained on the assumption 
that a iivc aldehyde group is present in a sugar, it is assumed that in a 
solution containing a- and jS-d-glucose some free aldehyde sugar is 
present, probably in very small amounts, in equilibrium with the alpha 
and beta forms. As the free aldehyde sugar is removed in a reaction, 
such as occurs with Fehling’s solution, more is formed from the alpha 
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and beta forms until finally no more alpha and beta sugar remains. A 
solution of d-glucose then should bo looked upon as containing a- and 
/3-d-glucose and a small amount of the free aldehyde form. Dry d-glu- 
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cose, as found in the stockroom, is not the free aldehyde sugar, but rather 
a-d-glucose or /3-d-glucose or a mixture of the two. As a rule the alpha 
form predominates. 

The alpha and beta forms of d-glucose may be prepared from a solu¬ 
tion of anhydrous glucose. If anhydrous glucose is diasolved in dilute 
acetic acid and allowed to crystallize slowly at room temperature, 
a-d-glucose separates out. If anhydrous glucose is dissolved in water, 
glacial acetic acid is added, and the solution is heated to 100®C. for half 
an hour, on cooling /S-d-glucoso crystallizes out. 

It will be noticed that both the alpha and beta forms of d-glucose have 
five asymmetric carbon atoms. We havc5 aln'ady said that an aldo- 
hexose has sixteen possible isomers because of the presence of four asym¬ 
metric carbon atoms. For the same reason a-d-glucose should have 
thirty-two possible isomers. In other words, each of the sixteen aldo- 
hexoses may exist in the alpha and beta forms. In the formulas for a- 
and jS-d-glucose it should be noted that the OH of the potential aldehyde 
group is on the right in the alpha form and on the left in the beta form. 

There has been much discussion as to which carbon atoms are involved 
in the formation of the oxide structure of a sugar. Until recently a 
butylene oxide or gamma-oxide structure was considered correct. At the 
present time we believe that the amylene oxide structure best accounts 
for the proi>erties of the common sugars. However, it should be borne 
in mind that any of the five carbon atoms may be involved in an oxide 
formula for a sugar. It is possible to have ethylene, propylene, buty¬ 
lene, and hexylene oxide rings besides the common amylene oxide 
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structure. Each of these types may exist in alpha and beta forms. 
From this fact it is evident that the possibilities for isomerism in the 
simple sugars are very gntat. 

I^rranose and Furanose Formulas for Sugars. The oxide ring 
formula for sugars has suggested their relationship to two heterocyclic 
compounds, pyran and furan. 
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C'Onsidered as a <lprivative of pyran, the amylenc oxide formula for 
a-d-glucose be<!omes: 
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(lon.sidcred as a derivative of furan, th(> butylene oxide formula for 
a-d-glucose becomes: 
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In showing the position of OH groups in pyranose and furanose formu¬ 
las, it is customary to indicate the right-hand side of the molecule by 
directing the OH group toward the bottom of the page and the left-hand 
.side of the molecule by directing the OH group toward the top of the 
page. 

Since pyranose and furanosc' formulas for sugars are Ix'ing used more 
and more, it is important that the student become familiar with them. 

Photosynthesis. The ultimate source of energy for both plants and 
animals is the sun. Animals get their energy from i\w foods which they 
(‘at. Although animals may live on animal focxls, ultimately these foods 
were derived from plants. A child ma}^ live on milk, but the cow under 
normal conditions lived on plant materials. The i)r(K‘ehS by which plants 
build up food materials by means of sunlight is called photosynthesis. 

The raw materials which j>lants use in the synth(\sis of carbohydrates 
are C()2 and H2(). The synthesis of a hc^xose monosaccharide may be 
lepresented by the following (Hiuatioii: 

6CO2 + OII2O + Solar energy = ( + 6^ *2 

(()77 2 CdloneB) 

This reaction is made possible in plants by the pigments which are 
present, ('specially chlorophyll. 

When an animal or plant metabolizes sugar, the photosynthetic 
reaction is reverstnl. Tlu' oxyg('n deprived from rc'spiration oxidizes 
the sugar to CO2 and Il2() with the libc^ration of energy, which is utilized 
by the body. 

C6II12O6 + OO2 = 6C'()2 + 6Il2() + Energy 

(077 2 Calones) 

From the preceding equation it is appanmt that plants and animals have' 
a very interesting n'lationshij). During photosynthesis plants give* off 
oxygen, which is essential for animal life. During n'spiration animals 
give off ('(>2, which is the raw mat(*rial from which plants make thc'ir own 
food as well as ours. 

From what has Ix'en said it w’ould appear tlial photosyntlu'sis is a 
very simple and well-understood pn^cess. This, howewer, is far from 
the truth. Alany studitvs have Ix'en made of tlie mechanism of the 
photosynthetic process, and many theories have In^en advanced concern¬ 
ing the chemical reactions w^hich take place during photosynthesis. 
Most of these theories assume that carbon dioxide and wat(*r react to 
form formaldehyde. This reaction may be expressed in its simplc^st 
form thus: 
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The formaldehyde then polymerizes to form a hexose sugar thus: 

0 

6H—C^H-^CeHwOe 

The hexose sugars formed may bo condensed to the more complicated 
carbohydrat(»s, such as starch and cellulose, which are so commonly 
found in i)lant materials. 

Although the term photosynthesis is sometimes restricted to the 
synthesis of carbohydrates, it should be mentioned that proteins and 
other nitrogenous plant compounds also owe their origin to the photo¬ 
synthetic process. It is likely that carbohydrates are an intermediate 
stage in the synthesis of fat. The process involves a reduction of the 
carbohydrate and a condensation. Photos3aithesi8 is thus closely 
asHociatcHl with the synthesis of all classes of organic compounds in the 
plant kingdom. 


The Monosaccharides 

d-Glucose. d-Glucose is the most important of the monosaccharides. 
Commercially it is called deztrosei a name derived from the fact that it is 
dextrorotatory, its sjK^cific rotation IxMng -f 52 . 2 °. Sometimes it is 
referred to as grape sugar, Ix'cause it is present in high concentration in 
grap(\s. It is the most widely distributed of the sugars, being found in 
most plants and in the blood of animals. Normally human blood con¬ 
tains about 100 mg. of d-glucose per 100 cc. In the disease known as 
diabetes the concentration in the blood is increast^d. When it reaches a 
level of about 1(50 mg. ix'r UK) cc., it is (»xcreted in the urine, so that a 
positive test for sugar in the urine is usually an indication of diabetes. 
Since the kidney concentrates the urine, as much as 10 per cent of 
d-glucosemay be found in the urine in dialx'tic conditions. 

Commercially d-glucose is made by hydrolyzing starch with acid. In 
this country corn starch is usually used, and the product is put on the 
mark<‘t as com Sjrnip. Com syrup usually contains some maltose and 
dextrins which result from the incomplete hydrolysis of the starch, and 
sucrose may Ik' addl'd to increase the sweetness. The dry sugar which 
is also a commercial product is called cerelose. 

Com syrup has wide usage commercially and in the home. In infant 
feeding it is often used as the carbohydrate added to modify cow’s milk. 
Since d-gliicose is the sugar of th(* blood, it requires no digestive changes 
in order to be utilized by the body. When a patient is unable to take 
food by mouth, d-glucose solutions may be given by rectum or by injec¬ 
tion directly into the blood stream. 
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An interesting derivative of d-glucose called glucosamine is found in 
chitin, a constituent of the shell of lobsters, in the cartilages of other 
animals, and in the mucin of the saliva. Glucosamine is an amino sugar 
in which one of the OH groups of the sugar is replaced by NII2. Chitin 
is a glucosamine polysaccharide, in which the glucosamine Is present as 
an acetyl derivative with an H of the NH2 group replaced by the acetyl 
radical. In cartilage and mucin the glucosamine is a i)art of a glycopro¬ 
tein molecule. Thus in animals glucosamine is found not as a free sub¬ 
stance but as a part of more complex molecules. 
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TABLJ^: 3 

Specific Rotation of Carhohydratbh 


Carbohydrate 

Specific Rotation 

Carl)ohydrato 

Specific Rotation 

/-Arabinosi' 

-f-104 5’ 

SlKTOSO 

4- 66 5” 

d-Xyloso 

4- 19 0 

Lactose 

4- 52 5“ 

d-Ribose 

- 19 25 

Maltose 

4-138 5" 

d-Clucosc 

-f 52 2" 

Ibiffinosc 

4-104 0^ 

(/-Fructose 

- 92 0" 

Di'xlriri 

4-195 0° 

d-Mannosc 

-h 14 2® 

Starch 

4-1% 0’ 

d-Galactose 

+ 81 5“ 

(llycoKcii 

+ 197 0 


d-Fructose. The most important fact to remember about d-fructos.' 
is that it is a ketose sugar. In fact, it is the only ketose sugar commonlj' 
encountered in biochemistry. It will be noted in Table 4 that it is the 
sweetest of the common sugars. If the swet'tness of sucrose is con¬ 
sidered as 100, d-fructose has a relative sweetness of 173.3. The sweet¬ 
ness of many fruits is due to the presence of d-fructose, and for this reason 
it is sometimes called fruit sugar. It is also called levulose because of the 
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fact that in solution it is strongly levorolatory, its specific rotation being 
— 92° at 20°C. A point which should 1 k' emphasized in this connection 
is that the rotation of d-fructose solutions is greatly affected by tempera¬ 
ture changes. For (*v(‘ry 2°( \ rise in temperature the specific rotation of 
d-fnictose is n^clucc'd 1°. Thus in analyzing by means of a polariscope, 
sugar solutions containing d-frucfosc‘, the temperature at which readings 
are made must 1 m‘ known. 

d-Fructos(* is widely distributed in nature, (‘specially as a constituent 
of the dis{icchari(l(‘ sucrose. About om^-half the sugar of honey is 
d-fructos(‘; inulin, an important jjolysaccharidc*, givi*s only d-fructose on 
hydrolysis. r/-Fnietos(‘ may be pr(‘par(‘d from hydrolyzed inulin or 
sucros(‘. Sinc(‘ hydrolyz(‘(l suc‘ros(‘ is a mixture^ of d-gliicose and d-fruc- 
tose and since it is difficult to s(‘parate these two sugars, it is easier to 
prepare d-fruct( s(‘ from inulin. 

Sinc(‘ d-fructoe is tin* only kedose sugar ordinarily encountered in 
biochemi(‘al work, a t(\st for a k(dos(‘ sugar may be intiTju’eted as a test 
for d-fructos(‘. "1 h(‘r<‘ arc* two such t(‘sts commonly ustnl, namely, 
Seliwanoff’s test and osazone formation with methylphenylhydrazine. 
SeliwanotTs reag(‘nt, a solution of resorcinol in HCl, on boiling w'ith a 
solution of a kedose* sugar giv(Ns a nsl color and a browm i)r(‘cipitate. 
Methylphcmylbydrazinc* forms an osazone with a ketose but not wdth an 
aldose sugar. d-Fructos(‘ giv(‘s the same osazone* with phenylhydrazine 
as does d-glucose; h(*nc(* th(*s(* two sugars must have* the same arrange¬ 
ment of groups on the last four (*arbon atoms. 

d-Fructos(‘ has tin* saiiu* food value as d-glucose. The liver can con¬ 
vert d-fru(*tose into d-glucose, the sugar which is found in the blood and 
from which giycog(*n is mad(*. 


'I A1U.K 4 
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Sugar 

Relative* SM(*<*tiieh.s 

Sugar 

Relative Sweetness 

Frii(;(.<)st‘ 

17:1 

Maltose* 

32 5 

Surrow* 

1(H) 0 

(ialae‘te)se 

32 1 

CilU(*()RC> 

74 A 

Haflineise 

22 0 

Xylose* 

40 0 

Lacte)se* 

1() 0 


d-Mannose. d-Alannose is not fouiul free in nature but is rather 
widely distributed in the* form of polysaecharides calk'd mannans. Vege¬ 
table ivory, a product wdiich is obtaim'd from ivory nuts, and from w’hich 
buttons are ofti*n made, is a i)olysacchari(k' which gives d-mannose on 
hydrolysis and is tlu' material from which d-mannose is most easily pre- 
paiH'cl. A trisaccharide containing two molecules of mannose and one of 
glucasamine hius Ix'en found in egg white. 
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d-Mannase differs from rf-glucose in the* arrangement of groups on the 
'^ocond earbon atom. It therefore giv(‘s the same* exsazone as does 
r/-glucose, but the hydrazone is different. The si)eeifie rotation of 
d-mannose is +14.2®. An interesting chararteristic of d-munn(xse is 
that it has a bitter, rather than a swe^et, taste. 

On reduction d-mannose gives the j)olyhydric alcohol d-mannitol, 
which is rather widely distributed in nature, l)eing found in silage, certain 
vegetables, and pineapples. Commercially d-inannitol is prepansl by 
the electrolytic reduction of d-gluc(xse, a i)r()C(\ss whereby d-glucose is 
converted to d-mannose, which on nsluction gi v(\s d-mannitol. On nitra¬ 
tion d-mannitol is converted into an iniiiortnnt explosive. 

d-Galactose. The most common occurrenci' <4 d-galactosc* is in lac¬ 
tose, the sugar of milk, a disaccharide coinj)osed of d-glucos(‘ and d-galac- 
tose. It also occurs as a part of complex moleciik's in pirfin, gums, 
mucilages, and agar-agar, a mucilage imule from seavvecsl and used in 
preparing solid biuderiological culture' media. Agar-agar contains a 
polysaccharide which gives d-galactos(' on hydrolysis. In the animal 
body d-galactose is found in the brain and lu'rvous tissue in the form of 
glycolipids. 

The d-galactose necessary for the synthc'sis of lactose in milk is made 
in the mammary gland from d-gluc(xs('. Jt would apj)ear that lactose is 
important in an infant’s diet, since d-galactos(* is a const it iK'Ut of su(*h 
important tissues as those of tlu' lU'rvous system. 11ow(*V(t, an infant 
is undoul)tedly abl(' to synth(*siz(' sufficitmt d-galactose from otluT sugars 
in its diet to met't its reciuin'im'nls. 

d-(ialact(xse has a sp(‘cific rotation of +S1.5®. Since it diffem in struc¬ 
ture from d-glucos(' on th(' fourth carbon atom, the two sugars fomi differ¬ 
ent osazones. On oxidation with IIN( >3 d-galactose forms a dicarboxylic 
acid called mucic acid and corresponding to saccharic acid, which is 
obtained when d-glucose is similarly oxidiz(*d. Alucic acid differs from 
saccharic acid in that it is insolubh* ami forms characteristic crystals. 
The formation of insoluble mucic a(*id crystals on oxidation with JINO 3 
is one of tlu' lx\st tests for d-galactose. Alucic acid has the following 
formula: 
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The Disaccharides 

The diaacchari<l(\s aro a group of compound sugars composed of two 
monosaccharides linked together through the loss of water. They are 
all regarded as being derived from monosaccharides, having the oxide 
ring structure. Th(‘ linkage is always through the potential aldehyde or 
ketone group of at least one sugar and sometimes of both. 

Disaccharides may be dividcKl into two classes, namely, those which 
reduce Folding’s solution and those which do not. If the potential 
aldehyde or k(‘tone group of only one of the sugars is involved in the 
linkage, the resulting sugar will reduce Fehling’s solution. If the alde¬ 
hyde or kt'tone groups of both sugars are involved, the sugar will not 
reduce Fehling’s solution. In the first case the sugar still has one 
reducing group; in the s<»cond, no reducing group is present. Reducing 
disaccharides exhibit most of the properties of monosaccharides. They 
form osazones and show mutarotation. The important reducing di¬ 
saccharides are maltost', cellobio.se, and lactose; sucrose is the only 
important nonreducing disaccharide. 

Maltose. Maltose* is the most common reducing disaccharide. In 
nature it is found not as a fiw substance but as a constituent of the 
polysaccharide's, starch, and glycogen. Starch is found in all green 
plants, and glycogen is the form in which carbohydrates are stored in the 
animal body. Maltose is made up of two molecules of a-d-glucose; its 
foimula is given on p. 71. 

Since maltose i.s a reducing sugar, it shows mutarotation and therefore 
exists in alpha and beta forms. The formula shown is for the alpha 
form. The formula for the beta form has the positions of the H and OH 
groups on the top carbon atom of the first glucose molecule reversed. 



MALTOSE 


71 


Derivatives of glucose or any other sugar in which the H of the OH group, 
ittached to the potential aldehyde carbon, is replaced by some other 
}>roup are called glucosides. Hence maltose may be looked upon as a 
glucose glucoside. The chemical name for a-maltose is a-(f-gluco8e-4-a- 
(/-glucoside. This name is descriptive of the structure of maltose. It 
indicates that maltose is composed of two molecules of o-d-glucose. 
a-d-Glucose is indicated by the position.^ of the H and Oil in the potential 
aldehyde group. The 4 indicates that the linkage is to the fourth carbon 
of the first sugar. 

In the formula the second d-glucos<‘ molecule is considered the nucleus 
of the glucoside. Two types of glucosides are recognizetl, namely, alpha 
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a-Maltose (a-ti-glucugo-^ a-ti-glurosule) 


and beta, depending upon whether the sugar forming the nucleus of the 
glucoside is of the alpha or the Ix'ta variety. All alpha-glurosides are 
hydrolyzed by maltase and all beta-glurosidos by th(‘ (mzyme emulsin. 
Thus we have an easy method of distinguishing bc^twec^n alj)ha- and beta- 
glucosides which has been of great value in determining the structure of 
disaceharides. Since maltose is hydrolyzed by maltase and not by 
emulsin, it must be an alpha-glueaside. 

Maltose derives its name from the fact that it is the product formed 
from starch in the malting process, in which barley is allowed to sprout 
under controlled conditions. During the sprouting, diastase, which is an 
enzyme capable of converting starch into maltose, is produced. The 
sprouted barley is known as malt. If malt is extracted with water and 
the solution is concentrated, a .syrup which is composed mainly of mal¬ 
tose results. Malt is iLsed in the manufacture of beer and other malted 
beverages. Its enz 3 nne dia.stase converts the starch of grains to malto.s(», 
which in turn is converted to glucose by the enzyme maltase of yeast. 
Yeast also contains an enzyme zymase, which ferments glucose to ethyl 
alcohol and CO 2 . 

In the animal body the ptyalin of the saliva and the amylopsin of the 
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pancreatic juice hydrolyze starch to maltose. Maltose is hydrolyzt^d 
into two molecules of glucose by the enzyme maltasci which is found in 
the intestinal juice. Maltose has a spc^cific rotation of +138.5°. It 
forms a characteristic osazone which is different from that of glucose. 

Cellobiose. Wo have* just learned that, when starch is partially 
hydrolyzed, the disaccharide maltose is formed. When cellulose is 
partially hydrolyzc'd, (*<'llobiose is the resulting disaccharide. Although 
both maltose^ and c(»llobios<‘ yi(‘ld d-glucose on hydrolysis, they are quite 
different sugars an<l it is of interest to know in what r('sp('ct they differ. 
Maltose is hydrolyzed by maltas(‘, whereas cellobiose is not. (Vllobiosc*, 
however, is hydrolyzed by emulsin. Therefore c(‘llobiose must be a 
beta-, rathc*r than an alpha-, glucosidc. This appears to b(» the only 
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difference between maltose and cellobiose. Whereas maltose is a-d- 
glucose-4-o:-d-glucoside, cellobio.se is a-d-glucose-4-jfcl-d-glucoside. It is 
interesting to note how important slight differences in structure may be. 
Starch, which contains the alpha-glucosidic structure, is one of our most 
important foods. ( Vllulose, which contains the same fundamental units 
as starch but is built up through Ix'ta-glucosidic linkages, is of no value 
as a food Ix^cause we cannot digest it. 

Lactose. The sugar of milk, called lac’tose, is made up of one molecule 
of glucose and one of galactose. Its spc'cific rotation is +52.5°. It 
forms a very characteristic asazone and exhibits mutarotation, existing 
in solution in two forms, alpha and beta. Wlien lactose crystallizes 
fnmi a cold solution, the alpha variety, which is not very soluble, is 
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obtained. The rough consistency in “sandy” ice cream is due to the 
crystallization of a-lactose. Sharp has found that, if lactose is allowed 
to crystallize from a saturated solution at a temperature above 94®C., 
p-lactose is obtained. ^-Lactos(' is more' soluble' at room temperature 
than a-lactose, and because of its greater solubility appears to be sweeter. 
/j-Lactose has found an important application in infant feeding and in 
certain dietaries. 

Lactose is obtained by evaporating milk whe'y, being present in e*e>w*s 
milk to the extent of about 4 per cent. In the animal body lac'tose is 
synthesized in the mammary gland. During pregnancy it may occur 
in the urine; therefore a positive test for sugar, under these conditions, 
does not necessarily mean diabc^tes. 

Lactose is not so c^asil}' fermented as many of the other sugars and 
consequently is of considerable value in bactcTiology for differentiation 
purposes. The fact that lactose doc's not f(‘nn('nt readilj" ntakes it an 
ideal constituent of milk. If milk contained glucose in i)lac^' of lactose, 
it would not kc'c'p so well and would fermemt rapidly in the stomach, 
causing digestive' disturbance's in infants. 

The main function of lactose' in milk, howc'vc'r, may bc' to furnish the 
galactose necessary for thc' syntlic'sis of the glycolipids of the brain and 
nc'rvous tissue. Lactose is hydrolyzc'd by the eiizynic' lactase into its 
constituent monosaccharidc's. It is also hydrolyzc'd by emulsin, indieat¬ 
ing that it is a ])eta-glucoside. 

The formula for lactose* may bc' as follows: 


HO-C-II 



a-l.actoae (a-fi-glucose-4-/J-<i-Kalact(>8Kle) 


Although laetose is classed as a glucoside, it is actually a galactoside, 
Ix'ing the a-d-glucose dc'rivative of ^^-d-galactose. I'he fourth carbon 
atom of glucose is involved in the linkage* e)f the* two sugars. 

Sucrose. Sucrose is cennmemly calle'd cane sugar and sometimes 
saccharose. It is the ordinary sugar whie‘h is usc*d in c()e)king and on 
the table. It is very wide'ly distribute*el in nature*, being femnd in sugar 
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cane, sugar beets, maple sugar, and sorghum syrup. At the present 
time about one-third of our cane sugar comes from sugar beets. It has 
sometimes been said that beet sugar is inferior to cane sugar for certain 
types of cooking, such as jelly making. Experiments have shown that 
there is no ground for such a contention. C 'ane sugar and beet sugar are 
both sucrose and have eciual value as food. When sucrose is heated to 
160®C., it melts and on cooling forms a glassy solid called barley sugar. 
When it is heated to 200°(\, decomposition occurs, yielding a brown 
product known as caramel. 

Cane sugar is a disaccharide made up of mok^cules of a-d-glucose and 
of /3-d-fructOHe, the linkage^ involving the pol(‘nlial aldehyde and ketone 
groups of both sugars. Its chemical name is a-rZ-glucose-l-jS-ri-fructo- 
side (2,5). The (2, 5) at the end of the name indicates that the oxygen 
ring in the fructose molecule is betw(‘(*n the s(‘cond and fifth carbon 
atoms; in other words, fructose' as it occurs in sucrose has a furanose or 
butylene oxide structure. In naming disaccharidc's the pyranose or 
amylenc oxide structure is assunu*d unless otherwise indicated. Since 
sucrose does not contain a potential ald(*hyde or ketone group, it does 
not reduce E(»hlirig’s solution, form osazonc's, or show mutarotation. 
The reason sucrose' does not show mutarotation is that it does not exist in 
alpha and be'ta forms. 

The fact that sucrose in solution exists in a single form accounts for its 
ready crystallization. Other sugars, such as glucose, do not crystallize so 
readily, bc'cause tlu'y exist in solution as a mixture of the alpha and beta 
forms. It is a w('ll-known i'a('t that solutions of single compounds 
crystallize' better than solutions of mixtures. When sucrose is used in 
candy making, it often crystallizes in large crystals, giving a product of 
poor quality. ('lystallization may Ik‘ prc‘vi‘iit('d by adding other sugars 
in the form of corn syrup or by hydrolyzing some of the sucrose during 
the cooking process through the addition of a small amount of a('id, .such 
as vinegar or cream of tartar. 

Sucrost' is very easily hydrolyzt'd by acid, much more readily than 
maltose or lactose. In jelly making it has bt*en estimatt'd that one-half 
of the sucrose added is h^^drolyzt'd during tlu' cooking pr()ce.ss by the 
acids pre.sent in the fruit juices. In addition to prevc'iiting crystalliza¬ 
tion, another advantage in hydrolyzing sucrose is that the mixture of 
sugars resulting from hydrolysis is 30 |H'r cent sweet(»r than the original 
sucrose. Sucrose may Ih' hydrolyzed by tlu' c'lizyme sucrase, often 
called invertase, as wtU as by acid. In making chocolate creams inver- 
tase is often incorporat(‘d into the cream filling.s, ther(*by cau.sing a slow 
hydrolysis of the sucrose' pre.sent which prevents crystallization and 
increases the .swc'etne.ss with age. 
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The fonnula for sucrose is as follows: 


CH,OH 



HO-C-II 

H-C-OII 


H- 


CH.OII 


HO-C-n ^ 

I 0 

H-C-OH I 
H-C- ' 

I 


CH,OH 


Sucrose [a-ti-fslucuse-l'/S-^-fnictoside (2,5) J 


The spooific rotation of sucrose is +G().5°. After hydrolysis the 
specific rotation of the mixture of sup;ars is — 19.S4®. In other words, 
after hydrolysis I he rotation is inverted, llierefore th»' process has 
been calk'd inversion, and th(» mixture of sugars formed, invert sugar. 
The reason for the Ic'vorotation of invert su^ar is that fructose is more 
strongly levorotatory tluin ghicost' is dc'xtrorotatoiy. Tbe equation 
(‘xpressing the inversion of cane sugar is: 


f 12^122^ hi + 1I2^) ^ 0^12^ ^0 + ^'6^1200 

Sucrose (Uncow Fruc tose 

Invert suKar 


When a 50 per cent solution of sucrose is treat(‘d with calcium hydrox¬ 
ide and filten'd, a solution known iis viscogen is formed. When this is 
atlded to ordinary cream in small amounts, it becomes possible to whip 
the cream. 


Trisaccharides 

The only important trisaccharidt' is raffinose, which is found in cotton- 
st'eni meal and sometiiiu's in sugar Imh'Is. It is a nonreducing sugar and 

Eaffinose 


.Galactose—O — Glucose—O—Fructose 


Galactose + Sucrose 



Mclibiose 


Sucrose % 

X 

Fructose 4- Mclibiose 


Galacto8e+Glucose+Fructosc 


has a specific rotation of +104°. Kaffinosc is compcxsed of fructose, 
glucose, and galactose and may be liydrolyzed by strong acid into these 
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three sugars. Weak acid hydrolyzes raffinose into fructose and a 
disaccharide called melibiose, which is isomeric with lactose. The 
enzyme emulsin hydrolyzc's raffinose into sucrose and galactose. 

Polysaccharides 

The polysaccharides are compk'X carbohydrates of high molecular 
weight cornpos('d of many monosaccharide units combined through the 
loss of molecules of wat<T. Tluy differ from most sugai-s in that they 
do not reduce Fehling’s solution and are not sweet. In general they are 
insoluble in water, but many of them will give colloidal dispersions under 
certain conditions. Included in this group arc many cf the most im¬ 
portant carbohydrates. 

Pentosans. Polysaccharides which on complete hydrolysis yield 
pcntos(\s are calk'd p(*ntosans. The terms xylan and araban are used to 
indicate pentosans which give xylose and arabinose, respectively, on 
hydrolysis. Xylan is found in w^o(k 1, corncobs, straw, bran, and cotton¬ 
seed hulls. Araban is found in gums, such as gum arabic and cherry 
gum, in mucilagc's, and in fruit juices. 

(kmcerning the physiological importance of pentosans little is known. 
They ar(' strictly plant jiroducts, and (,ne valuable property is that they 
are highly hygroscopic and aid plants in retaining water. There are no 
enzymes in t he digest ive t ract caj)al)le of hy( 1 r()lyzing t hem. In animals, 
however, considerable amounts of i)entosans disappear from the food as 
it passes through the dig(*stive tract. It is thought that this is due to 
bact(‘rial ludion and that any Ixmefit which the animal body derives from 
pentosans is thus indirect. Certain microrganisms can ferment pen¬ 
toses, giving rise to such products as acetic and lactic acids, wdiich may 
be absorbed by the animal and utilized as food. Also we know that 
pentoses form a part of some veiy important compounds in the bodj^ 
such as nucleic aciil found in the nuclei of cc'lls and in certain compounds 
associated with biological oxidations and nxluctions. Since these com¬ 
pounds are so imi)ortant, it ai>i)ears that the body must be capable of 
synthesizing f)entos(»s, jiossibly from hexoses, since the supply of pentoses 
could hardly \yc k'ft to chance production by microorganisms in the 
intestinal tract. 

Starch. Starch, which is sometimes called amyliim, is the most 
important source of carbohydrate in the diet. It occurs in most green 
plants as a reserve food sup])ly. The principal sources of starch are 
cereal grains, beans, peas, and tubers, such as potatoes. Green fruits, 
such as apples and bananas, contain much starch, which changes to sugar 
as the fruit ripens. In cereals, sugars appear first, being changed to 
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starch as the grain matures. This is especially tni(* in sweet com, which 
is quite sweet in the early stages of develoi>ment but los(\s its sweetness 
as it matures. 

As found in plants, starch occurs in the fomi of granules, whose size 
and form are quite characteristic for each plant. In fact, the source of a 
starch can usually be determined by IIk^ micros(*oj)ic appc^arance of its 
granules. (See Fig. 15.) This fa(*t is often utilized in testing for adul¬ 
teration in foods. Starch granules are not made up of a homogeneous 
material; they appear to be composed of at least two distinct sub¬ 
stances, namely, amylose and amylopectin. These two substances have 
different properties, amylos(» being wat(‘r-solubl(» and more ('asily hydro- 
lyz(‘d than amylopectin. Starch contains small amounts of phosphorus, 
which appears to be pres(*nt in th(‘ amyloiH‘ctin fraction as an ester of 
phosphoric acid. Usually small (plantities of fatty acids, which may be 
combined with the phosjihoric acid, ar(‘ pn^scmt in starch. 

Concc'rning th(‘ clu^inical structure of starch our know\‘dge is not 
comphde, but several int(‘resting facts ar(‘ known. It is a polysacchar¬ 
ide, compos('d of many a-(/-gluco.se nioli‘cul(*s link(Hl tog(‘ther as in 
maltose. In other words, starch contains the alpha-glucosidic linkage. 
The main chain app(‘ars to b(‘ coiujioschI of 24 to 30 glucose molecuk's. 
Attached to this c(‘nt ral chain ar(‘ many similar side chains, forming enor¬ 
mous mol(‘cul(‘s which have b(‘(‘n (‘stiniati'd to b(‘ composed of 2000 to 
3000 glucose units and to ha\e molecular weights (‘stimat(‘d as high as 
500,000. 

Starch is thought tobefornH‘d in plants from glucose-1-phosphate by 
the action of the (mzyine phosphorylase. Syntludic starch has b(ien 
prepared in the laboratory by th(‘ action of jihosphorylasc*, i)r(‘paivd from 
potatoes, on glucos('-l-i)hosi)hate. 

C^oncerning the chemical rc'actions of starch it should b(‘ n.(‘ntion(Kl 
that it does not reduce PVhling\s solution or form osazon(‘s, indicating 
that no free aldehyde groups are prc'si'nt. Its most chaiact(‘ristic reac¬ 
tion is the formation of a blue compound with iodine. 4 his compound 
is stable only in cold solution. On hc'ating, the blue color disappears, 
but it returns again on cooling. 

In studying the rate of hydrolysis of starch by acids or enzymes, the 
iodine test is often used to tell when all the starch has bc^en hydrolyzed. 
As starch is hydrolyzed a point is n^aclu'd, called the achroznatic point, 
where it no longer gives a color with i(jdinc. 

Several enzymes hydrolyze starch. Among tlu^m may lx* mentioned 
the ptyalin of the saliva, the amylopsin of the pancreatic juice, and dias 
tase found in plants. All these enzymes, when unaccompanied by 
maltase, carry hydrolysis to only the maltose stage. Soluble starch and 
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(lextrins are intermediate staj 2 ;es in this hydrolysis. In many substances, 
(^specially plant materials, the starch-splitting enzyme occujs along with 
Tnaltase and is difficult to separate from it. If maltasc' is present, the 
end product is glucose. If starch is hydrolyztxl by acid, glucose is the 
final product. 

Starch is not fermented by yeast. In bread making, diastase in the 
flour first converts the starch to maltose. Alaltase present in yeast 
next converts maltose to glucose. The glucose is then fermented to 
C '02 and alcohol by the zymase of the yeast. 

Starch is a very important compound commercially. In such forms 
as i)otatoos and flour it is oim' of our chief sources of food. Large quanti¬ 
ties of grain and potatoes are used in the manufactun^ of alcohol, ('orn 
starch is used for starching cloth(\s. TIuto is a liigh percentage of starch 
in baking jjowder, where its pun>()se is to ke(‘p the ai'tive ingredients 
from coming in contact Ix^fore use and to serve as a diluting agent, there¬ 
by making it t^asier for tlie housewife to mc^asure the correct amount, 
liice starch is a common ingn^dient of fac*e powders. Arrowroot starch 
is used in the manufacture of tapioc*a. 

Dextrin. This is anotlu^r glucose polysaccharide. It is an interme¬ 
diate compound in the hy<lrolysis of starch to maltose. 1'hree kinds of 
(lextrins, differing in their ccmiplexity are recognizc^d. The most com¬ 
plex variety is calk'd amylodextrin, a name whicli indicates its similarity 
to starch. It gives a })luish-red color with iodine. A less complex 
vari('ty is called erythrodextrin. Erythro m(*ans red, and (Tythrodextrin 
is so called becaus<' of tlu' red color it gives with iodim'. The third 
variety is called achroodextrin b(‘cause it giv(\s no color wdth iodine. 
(Ireek ( 7 c/ire?/tasmeaiis without color. 

Dextrin may ('asily be made from starch by hi'ating, preferably in an 
autoclave*. It .is solulile in water and is precipitated from water solution 
by adding alcohol. Pure (k'xtrin do(\s not reduce Fehling’s solution or 
form osazonc's. (Concerning the number of glucose units present in the 
various varieties of dextrin wt* are not certain, but they range in com¬ 
plexity between starch and maltose*. 

Dextrin is us(*d quite (*xt(‘nsively in the manufacture of cheap adhe¬ 
sives because of its sticky prop(*rties when wet. Such adhesives, often 
spoken of as British gum, an* used on postage stamps and envelopes. 
IMany of the common mucilages and pastes on the market are made 
largely of dextrin. In the tc'xtile industry cotton cloth is sized with 
dextrin b(*fore the pattern is printed. In making candy dextrin is often 
added to give smoothness to the product. In baking bread much of the 
starch in the crust is converted into dextrin. Many of the toasted 
breakfast foods on the market, such as corn flakes, contain coasiderable 
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quantities of dextrin produced })y the heating process. In nutrition 
studies on small animals dextrin is often used as the source of carbo¬ 
hydrate in the diet because* it contains no vitamins. In infant feeding a 
product known as Dextri-maltose is often used as the carbohydrate 
added to modify cow’s milk. It is a combination of dextrins and maltose 
resulting from the pari ial hydrolysis of starch. 

Glycogen, (llycogen, often called animal starch, is a glucose 
polysacchariele* found in animal tissue and is the storage polysaccharide 
of animals, c<jrr(‘spon(ling to the starch found in greem plants. It occurs 
(‘specially in tlu* liver and muscles, but nuxst animal tissues contain some. 
Oystei’s contain consid(‘nible (juantiti(*s of glycogen. The human liver 
usually contains from 1.5 to 4.0 j)er cvnt of gly(*ogen and on a high carbo¬ 
hydrate di(‘t may contain as much as H) per cent. Muscl(\s contain from 
0.5 to 1.0 i)er c('nt. I lorsc' muscle contains more, and this fact is utilized 
in testing for the aduitiTation with horse meat of such meat products as 
sausage. Tlu* s weed ness of livc*r and horse* m(*at is due to their high 
perc(*ntag(* of glyc()g(*n. The occurrence of glycogen is not confined to 
the animal kingdom, since it has b(»en isolat(*d also from sueh plants as 
yeasts and molds. 

The ch(*mical structure of glycogen is similar to that of starch in that 
the glu(*ose molcs'uU's are unit(*d b}*^ alpha-glucosidic linkages. On 
hydrolysis by the <*nzym(»s ptyalin, amyloj)sin, and diastase, glycogen 
gives maltose*, as doe's starch. Tlu* glycogen molecule is thought to be 
composed of a branched chain similar to that of starch, but the individual 
chains are not so long as in starch. Wlu*re'as the individual chains in 
the starch mole*cule are thought to contain from 24 to 30 glucose units, in 
glycoge»n the*j" are* be*liev(*d to contain from 12 to 18. The* molecular 
weight of tlu* glyc<jge»n mok'cule* is thought to be about one-half that of 
the staredi molecule*. 

In water glycogen forms a colloidal solution which is de'xtrorotatory. 
Its spe*cific rotation is -f 10().()3°. With iodine it giv(*s a mahogany-red 
color, which is inti*nsifie*d if salt is ])resent. (Jlycogeii doe's not reduce 
Fehling’s solution or form osazone's. On acid hydrolysis it first gives 
dc'xtrin, tlu*n maltose, and finally glucose*. 

Glyce)gen may be prepare*d from live*r by treatment with 30 per cent 
NaOlI solution. In the pre*sence of strong alkali the live*r tissue is 
destroyed, l(*aving unchang(*d the glycoge*n, which may lx* precipitated 
from the solution with alcohol. This is an excellent example of the 
stability of pe)lysaccharidi*s to alkali. 

Cellulose. Ne)rmal cellulose is a glucose polysaccharide w^hich is 
perhaps the most widely distributed and most important industrially of 
all the carbohydrat(*s. It occurs especially in th(* woody parts of plants 
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and is responsible for the structure of plants, much as protein material is 
responsible for the structure of animals. 

Chemically cellulose is similar in structure to starch but differs in that 
the glucose units are /i-</-glucc.se instead of a-. In other woitls, cellulose 
has a beta-glucosidic structure, whereas staich has an alpha-glucc'sidic 
structure. On partial hydrolysis starch giv(»s the disaccharide maltose, 
but under similar conditions celliilosc' gives cellobiose. Anolher differ¬ 
ence between starch and c(‘llulos(' is tliat star(*h hiis a branch(‘d-chaiii 
structure, w’hereas the cellulose molecule appears to be composed of a 
single chain or bundles of parallel chains. As far as size is ccncerned, 
the cellulose molecule has b(»en variously estimated to be made up of 
100 to 2000 glucose units. 

Although cellulos(‘ is compos(‘d of glucose, it has no value as a food for 
man, because there are n(» enzymes in the digestive* tract capable of 
hydrolyzing it. However, c(‘llulose has a function in food in that it 
supplies bulk to the f(*ces, thus jireventing constijiation. Herbivorous 
animals utilize cellulose indirectly. Much of the cellulose in the* LkmI 
of such animals disapp(*ars in passing through the* digestive* tract, and it 
is thought that this is due to the* ae*tion of microorganisms >\hich convert 
cellulose into soluble produeds, possibly one*s of u>e to the* animal. 
CVrtain insects, notably termite*s, contain an e*nzyine* cellulase, capable 
of hydrolyzing cellulose, and the^^ can the'refore utilize* it as a food. 

Since cellulose gives glucose on hydrolysis, it would aj)i)ear that a food 
could be prepared fre)m it. Howc've*r, it has not pre)V(*el i)racticable to do 
this because e)f the difficulty of .separating the* sugar from the hydrolyz(*d 
mixture. Hydrolyzed cellulose* has be*en e»mploy(Ml in the ferm(»ntation 
industry for the production of alcohol, anel some* use* has b(*en made of 
it as a cattle feed. 

Normal cellulo.se is insoluble in water but is se)luble in an ammoniacal 
solution of Cu(C)H) 2 , whie*h is called Schweitzer^s reagent. A seilution 
of ZnCl 2 in HCl, calk'd Cross and Bevari’s reagent, alsei disse)lves it. 
When treated with Il 2 S() 4 , it is ce)nve*rte‘ei inte) a mate*rial calk'd amy¬ 
loid, w^hich gives a blue color with ieKline. Furl he*r actiem e)f H 2 S ()4 cem- 
verts it into gluco.se. 

Industrial Uses of Cellulose. Indu.strially, cellukxse and its ek'riva- 
tives arc among the most important products of bie>logical origin. In the 
form of cotton and liiu'n cloth, rope, and paper, cc‘lliilose ])re)ducts have 
been in use for a long time. More rec(*ntly cellulose derivatives have 
come into wide use. One of the finst products to attnict attention was 
mercerized cotton, which is made by tr(*ating cotton goods with alkali. 
By this process cotton materials arc made stronger, they dye better, and 
they have a silky appearance. 
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An important use of cellulose is in the manufacture of rayon. In 
making rayon, cellulose derivatives such as cellulase xanthate, known as 
viscose, or cellulose acetate are (‘onvertcnl into filaments which are spun 
into threads. The thread is then woven into fabrics. 

Cellophane is made from either vis(jose or cellulose acetate. In its 
manufacture solutions of viscos(‘ or cellulose acetate are forced through 
narrow slots, forming sheets of transparent material. These sheets are 
passed through a solution of glycerol to render the cellophane more pli¬ 
able and are finally coat(*d with lacquer to make the cellophane water¬ 
proof. 

Cel-O-Glass is made by coating wire screening with cellulose acetate. 
It is often used in place of glass because it allows the ultraviolet rays of 
sunlight to pass through. CVl-()-(llass has found wide use in poultry 
houses and for sun porches because of the health-giving properties of 
ultraviolet light. 

Other uses of cellulose acetate are in the manufacture of shatter-proof 
glass for automobil(\s and for motion-picture films. Shatter-proof glass 
is made by c(‘menting two layers of glass together with a layer of cellulose 
acetate. Since cellulose acetate is less inflammable than are the materi¬ 
als ordinarily used for motion-picture films, films made from this material 
are used for home movies. 

Cellulose nitrate has many important industrial uses. In cellulose 
nitrate th(' fre(' Oil groups of cellulose are replaced by NO 3 . If the cellu¬ 
lose is almost completely nitrated, an important explosive, known as gun 
cotton, results. This is list'd in making smokeless powder. 

A less highly nitrated cellulose known as pyroxylin is used for various 
purposes. Dissolved in a mixture of alcohol and other, it gives collodion, 
which is used in the laboratory to make dialysis membranes. A more 
familiar use is in tlu' product known as Nt'w Skin. When New Skin is 
applied to a wound, the solvtmt evaporatc's, leaving a transparent pro¬ 
tective coating ovct the wound. Celluloid is a mixture of pyroxylin and 
camphor. Dissolved in a suitable solvent and sprayed on cloth, pyroxy¬ 
lin is used to make imitat ion k'ather. Perhaps the most important com¬ 
mercial use of pyroxylin is in the manufacture of lacquers for finishing 
automobile's and many other articles. 

Inulin. Inulin is a fructose polysaccharide composed of about 
30 d-fructose units linked together by glucosidal linkages. It may be 
hydrolyzed by eithc'r acid or the enzyme inulinase directly to d-fructose. 
It is soluble in hot water, levorotatory, gives no color with iodine, and 
docs not reduce Fehling’s solution. Inulin is found in the roots of 
chicory, dahlia, dandelion, and the Jerusalem artichoke, its main source 
being chicory, (^)mmcrcial growing of the Jerusalem artichoke as a 
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'OUl’ce of fructose, which would be of commercial value because of its 
sweetness, has been suggested. Inulin is of no value as a food, since there 
;irc no enzymes in the digestive* tract capable of hydrolyzing it. When 
t(*d to an animal, it is excreted unchang(*d in the feces. 

Vegetable Ivory. Veg('lable iv’^oiy is a mannose polysaccharide. It is 
;i material obtained from the ivory nut and used in the manufacture of 
buttons. Chemically it is a good source of the monosaccharide man¬ 
nose, which may be obtained from it by hydrolysis. 

Gums. The gums an* comi>l(*x carbohydrat(*s whi(*h yield pentoses, 
hexoses, and uronic acids on hydrolysis. 'I'hc* uronic ludds present give 
gums an acidic property. (Uims often occur in ])lants in the form of 
metallic salts. Most gums are soluble in water, forming sti(*ky colloidal 
solutions. The gums occur in jdaiits not as a normal piUKluct but usually 
as a result of abnormal conditions, such as disease* or insect bites. (\)m- 
riion gums are gum arabic, often (‘all(‘d gum acacia, and gum tragacantii. 
Injections of sterile solutions of gum arabic into the bhxKl stream hav(* 
l)een used to increase the blootl volume afti*r sev(*re hejnorrhages. Gum 
tragacanth is used as a const it U(*nt of hand lotions. 

Mucilages. The muciiagi*s an* normal constituents of maii}'^ l)lants, 
and OIK* function which has been attributed to them, b(*cause of their 
water-holding cai)acity, is that they aid plants in retaining water. In 
hot water they form colloidal solutions which g(*l on cooling. 

One of the l)est exampl(‘s (d a mucilagi* is agar-agar, which is obtained 
from a st*aweed. From 2l) to 28 )H*r c(*nt of agar-agar is conii)os(*d of a 
polysaccharide which gives galactose* (»n liydrolysis. Tlu* j)olysa( (‘haride* 
is combined with ll 2 S ()4 in ester linkage with OH groups. Only one ol 
the acid hydrogens of 110804 is involved in the* (*ster linkage*, the* other 
being in the form of a metallic sjilt. 'J'hc chemical structure may lx* 
r(*presented thus, H b<*ing th(* j)olysaccharide: 

O O 

V 

O- S—O 

U Ca 

\ / 

()—S—<) 

o 

Asar-agar 

f the Ca is removed, an acid known as agar acid results. Solutions of 
kgar acid will not gel, but solutions of agar salts will. 

Agar-agar is of s))ecial interest bcK’aus<* of its us<! in the prei)aration of 
olid culture media in bacteriologj-. At the temiMTature of boiling 
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water it forms a sol, which changes to a gel at about 40®C. Since 
bacteria will withstand teinr)eratures of 40®C\ for short periods of time, 
they may be suspended in agar-agar sols, and thciso sols may be poured on 
plates to cool and solidify. A\’hen these agar-agar plates are placed 
in an incubator, th(‘ bact(*ria dis{M»rsefl throughout the gel grow and form 
individual colonit‘s which may lx* removed and transplanted to new 
nuxlia in t(‘Ht tubes, thus giving pure cultures of the organism. 

Th<‘r(* an no (‘iizymes in the dig(\stive tract capable of hydrolyzing 
agar-agar, so that any benefits d(‘riv(‘d from it are indirect, as was true 
also of cellulose. Agar-agar has value in constipation, where, because 
of its wal(u*-bolding capacity, it giv(‘s bulk to the feces, making the stool 
softer and more* (*asily eliminatcHl. Petrolagar is a combination of 
mineral oil and agar-agar wi(l(‘ly usi^fl to relu^ve constipation. 

Hemicelluloses. Il(‘mic(‘llulos(\s diff(*r from normal c(‘llulose in that 
t hey give ot her sugars < ban glucose cm hydrolysis. They yield mannose, 
galactost', and jjentoscss, together with uronic a(‘ids. They are found in 
such mat ('rials as nutslu'lls and stony st'eds. Wood contains about 20 
p('r c(‘nt of h(*micellulos(‘s, w'hich are mor(‘ ('asily hydrolyzed than normal 
C(‘lluloS('. 

Compound Cellulose. Thrc'C' kindsof compound cellulose are gi'niu ally 
r('cogniz<‘(l, naim ly, lignocellulose, adipocellulose, and pectocellulose, 
which, as the* names imply, are combinations of normal c('llulose with 
oth('r c(nnpoiin(ls. '^riiat normal c(‘llulos(' is actually in chemical com¬ 
bination w'itli the associat('d compound is doubtful. I^)ssibly the as- 
sociat(*d comj>oun<l is nu'H'ly an encrusting material. The various 
cljissc's of com])ound celluloM's dilTer with nsspc'ct to the other compounds 
pres('nt. 

Lignocellulose is compos(*(l of normal cc'llulose and lignin. It is found 
in woody tissiu* both in th<' ('(‘11 wall and in the inteivellular spa(‘es known 
as th(‘ middle lamella. The chemical structure of lignin has not been 
(l(‘tt‘rmin(‘d, but w(‘ know that it contains jn'iitosans and aromatic com¬ 
pounds. Among th<‘ aromatic compounds which have been isolated 
from lignin are vanillin and conihuyl alcohol. Lignin contains methoxy 
groups. 

Sinc(‘ in making pajx'r pulp lignin must lx‘ remov(‘d from the w'0(k 1, 
and since wo(k1 contains about 25 |H‘r cent of lignin, it is an important 
by-product of tlu* j)ulp industry. Several uses have been made of this 
by-product. From tlu' vanillin artificial vanilla ('xtract has been made. 
Lignin itself, combin('d with other materials, has been use*d in making 
plastics, for roofing materials, and as a binding material in road building. 
Us('d in storag(‘ battery plates, it increases the cflSciency of batteries in 
cold weather. 
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Adipocellulose is normal cellulose associated with a substance called 
cutin, which has a fatty nature. It is found in corky tissue. 

Pectocellulose is a combination of cellulose with a pc^ctic substance 
(‘ailed protopectin. Protopt'ctin, like lif^iin^ is found in the middle 
lamella and is the material which holds plant cells together. Protopec¬ 
tin and lignin do not occur together to any extent; when one is present, 
the other is usually absent. Protoix'ctin is found in fruits, especially 
citrus fruits and apples, whereas lignin is found in woody tissiu'. 

When fruits containing pectocellula'^ an' boiled for a long time with 
water, the pectocellulose is hydrolyzed, and tlu' protopectin is converted 
into pectin. In combination with sugar and acid this pectin forms a 
jelly, which is familiar in the form of fruit jellies. For jelly formation, 
0.3 to 0.7 per cent pectin and 05 to 70 per c(*nt sugar must be pnsi'nt, 
and the pH must be iK'tween 3.2 and 3.5. Commercial pectin, made 
from apple pumace and cull (*itrus fruits, and used in making j('Hies from 
fruits which contain little i)ectin, is now on tlu' mark('t. In addition to 
making jellies, pectin has other important usc's. It is someiiiu<‘s addc'd 
to bakery products to aid in keei)ing them fresh. Add(‘d t(* fi nits ^\hich 
are to be preserved by freezing, fK'ctin helps to maintain firmm'ss and 
color. It is also used as a constituent of skin lot ions. 

Medicinally pectin has been used in several ways. Added t o milk, it is 
used to control diarrh(»a in infants. It has also b(*('n usc'd in (*olitis in 
Jidults. Inj(‘cted into the muscle, it lowers th(' clotting tinu' of blood 
and for this reason has been us(m1 in internal h(‘morrhag(‘. IVrhaps the 
old saying, “An apple a day ke<'i)s the doctor aw^ay,” arose from th(' fact 
that apples arc rich in pectin and that pectin has imj)()rtant therat)eutic 
propertiies. 

The chemical structure of pectin is thought to be similar to that of 
starch, except that galacturonic acid moI(*cules, rather than glucose, arc 
the units linked together. I'hus pectin might be looked upon as a 
galacturonic acid polysaccharide. 

An interesting d(Tivative of i)ectin which has Ix'cn of value in treating 
such diseases as colitis is nickel pectin. Pc'ctin is an acid, fK*ing com¬ 
posed of many molc'cules of galacturonic acid linked in such a way that 
the carboxyl groups are free. When pc'ctin is j)r(‘par(*d in nickel- 
plab'd equipment, some of the nickel is dissolvc'd by the pectin, forming 
nickel pectin. It has Ix'cn found that this nickel p(‘ctin has high g('rmi- 
cidal activity, and at the present time it is made comrnejcially and is 
u.sed in medicine. 

Immuno-polysaccharides. Many bacteria, when grown on culture 
niedia, excrete into the mc'dium solubk* polysaccharides which differ in 
composition, depending on the organism which produces tliem. Wlien 
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these polysaccharidtjs are injected into animals, specific antibodies appear 
in the i)I(KKl. For this rciason these polysaccharides have been called 
immuno-polysaccharides. I'hesc* antilxKlics, which are also produced 
when an animal lK‘comes infected with a disease organism, are thought to 
t)e important factors in th(‘ resistance to a si)ecific disease which an 
animal develops aft<‘r having liad a disease or after having been vacci- 
nftt«»d with suspensions of the d(‘ad organism. Not much is known con¬ 
cerning th(» exact structure of tlu* iininuno-i)olysaccharides, but wc know 
somc'thing about tin* products which th(\y give on hydrolysis. Among 
th(»s(* products }i(*xoscs, p< n1os(‘s, amino sugars, and uronic acids have 
Ix'cn found. 

The Determination of Carbohydrates. Most of thc^ common methods 
fur <lct(’rmining carbohydrates depend upon the reduction of copper 
solutions, sucli as Fehling’s solution, and the subse(iuf*iit detennination 
of the amount of Cu.O pro<luc(»d by weighing directly, by titration 
meth<Kls, or by c(»lorimetric proc(‘dur(‘s. I)i- and polysaccharides which 
do not reduce' F(‘hling's solution, such as sucrose and starch, are first 
hydrolyzed by tr(‘atment with a<‘id or (‘nzymes. Polariscopic methods 
are also widely used. 

In tlu* analysis of feeds two common methods should lx* familiar to 
tlu* biochemist, namely, tlu* determination of crude fiber and nitrogen- 
free extract. In tlu* <letermination of crude fiber the sample is dried 
and extracte<l with etlu*r to remove the fat. Tlu* sample is then boiled 
with \.27i |M*r cent 112^04 for 30 minutes and then with 1.25 per C(‘nt 
NaOll sohititm for the same l(*ngth of tinu*. The r(*sidue is filtered, 
waslu'd, dried, and w(*ighe(l, tlu*n ignil(*d and weight'd again. The 
loss in weight on ignition repii*s<*nts the enuh* filn'r. ('rude fiber con¬ 
sists largely (»f eellulost* but contains some h(*micelluloses and nitroge¬ 
nous substances. Roughly, it represents tlu* indigestibh* carbohj'drate 
present in a fet'd. 

Nitrog(*n-free t'xtract is d(*lerniined not directly but by difference. 
In a complett* f<*ed analysis the |K*rcentag(*s of water, ash, protein, fat, 
and enuh* filx'r an* dt'terininetl. Tlu* sum of these, subtracted from 
UK), givt's tlu* percentage of nitrogen-free t'xtracl. 'fhe nitrogen-free 
extract is iniwle up largely of sugam, starch, and hemicelluloses. Roughly, 
it indicates the amount of digestible earlsihyilratt*s in a ft*ed. 


Glucosides 

It will lx* n'called that in the eoii.sideration of the structure of di- and 
|x)lysiiccharid(*s they wi*n* c*oiisiderc*il d(*rivatives of gluco.s(* or some 
other sugar taken ;is a nucleus and wen* calUxl glucosides. Although 
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.li- and polysaccharides may be considered glucosides, it is more usual 
^ ) r(»servc the term glucoside for combinations of glucose or some other 
-iigar ^^ith some nonsugar group. 

Most glucosides arc derivatives of d-glucose. In this sugar, it will 
Ik* recalled, there is an amylene oxide ring with an OH group on th(‘ 
potential aldehyde cai-bon atom. In glueosiiles the II of this OH is 
replaced by some group often referreil to jis the aglucone group. The 
'■.imph'st glucoside would lx‘ niethylglucoside, in wliieh a methyl group 
replaces the H of the OH. Since d-glueose exists in the alpha and beta 
forms, it is evident that then* may Ik* t\\o kinds ol glucosides, namely, 
alpha and beta. All naturally occurring glueosi(h*s, according to (lOil- 
n<*r, are of the beta variety. The following formulas illustrate the .struc¬ 
ture of the two methylglucosides: 


H—( ~0-(^Ha 
I 

H—C'~()H 

I 

HO-C'-H () 

1 

I 

H—('- 


(II 2 OH 

a-Met hylKlucoaido 


HsC —0 {' H 

I 

I 

110-('-n (■) 

I 

n ■ (’—(>11 

I 

H- (’- 


(IlaOH 

^>Mct hyl(clucuB)de 


As has been in<*ntioncd hcfon*, tin* two varic'ties of glucosides may be* 
distinguish(*d by the fact that alpha-glucosid(»s are hydrolyzed by the 
(‘nzyrne maltasc*, whereas beta-glucosides arc* h\'(lrolyz(*d by emulsin. 

Although glucose* is tin* common sugar found in glucosides, others 
may replace it. (lalaetose, mannose*, and Iruetose*, as we'll as pe*ntoHes, 
have be*en .showm to be the sugar in certain glucosides. It should be 
noted that the term glucoside applies eve‘n though glucose is not present 
in the molecule. 

The glucosides found in nature are* much more* complc*x than the 
meth 3 dglucosides just referre'd to. Fre'quc*nlly the agluejone group tied 
to the sugar is verj' complex. Often it 1.*^ a comix>und w’ith mark(*d 
physiological properties. I'he medicinal prope'rtie's of many plants are 
due to gluco.sides W'hich are pr(*sent. Possibly glucosid(*s are formed in 
F)lants as a means of self-protection. Substances w^hich might be 
injurious to the plant maj' lx* made inactive by combining them with 
glucose, or the toxic constituent of the glucoside may inhibit the growth 
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of cliseaHti-producing niirroorgaiiisins or may repel insects and larger 
animals whieh might oth(‘r\vis<* destroy or injure the plant. 

Only a f<‘w glueosidt^s will he numtioned. Amygdalin, which is found 
in hitter almonds and in iK‘a(‘h ])its, givt‘s two molecules of glucose, 
lK‘nzald(*hyde, and IK'N on hydrolysis. The following formula repre¬ 
sents its structure; 

X 

1 " 


(' -() - (llucosi^t )-glucose 

V 

Dhurrin, aiiothcr r\\anogcuetic glucosich', is foiiml in millet and 
sorghum. It gives />-hydroxyh(‘nzahl(iiyde, H('X, and tw’o molecul(‘s 
of glucose on hydrolysis. It is foun<l <*s|)(*eially in young plants, and 
many eatth' died from IK’X poisoning uium allowed to pasture on 
young millet 

Phlorhizin, found in the hark of tlu* apple, p(‘ar, plum, and cherry, 
gives glueos<' and an aromatic compound ealh^l pliloniin on hydrolysis, 
liiis glueo.si<l(‘ is of int(*rest heeiiuse it is utilizcMi to produce^ an artificial 
dialM'tes or glycosuria. Gautherin yicids gliieosc* and methyl salicylate* 
on hydrolysis. Methyl salicylate* is e‘ommonly callt‘d oil of wintergreen. 

Salicin is ohtain<*<l from willow haik and give*s glue’ose and salie*yl 
alcoliol on hydrolysis. On oxidation salicyl alc'ohol giv<\s sali(‘ylic aeiel, 
which in the* form of its salt.-- is widely used for the* re*li(*f of pain. Aspi¬ 
rin, whie-h is ae’e*tyl sahewlate, i-- jM*rhaps the* he*st kneiwii of tlu'se deriva¬ 
tives. Salie-in itstif i.s <>f((*ii uM*d to rt*li<*ve i)ain and is saiel to have the 
aelvantage' of being more re*adily tole*rate*d. Indican is found in the 
inelige) plant. It gives glucose* anel inde»xyl on hydrolysis. Until 
re‘eeiitly iiulie*an was the souren* of the hlue dye*, indigo. In the leaves 
and see*ds (»f tlie feixgleive* {Digitalis purpurea) the* digitalis glucosides 
are found Th(*y are list'd in im*dieine as heart stimulants and yield a 
varie'ly of preKluets on hydreilysis. 

REVIEW QUESTIONS 

1. Whnt IS the liiologinil nn|x»rtjim*f t»f rarlM>liyilnitt*s? 

2. Dt'fiih* simplt* rjirlMihydratf, iil<Io.s<>, iiioruKsticchtiridt*, disaccharkle, 

polys;uM'li:iiuk\ iM*iitt>s<', jind hf\OM' 

3. (’lassifv i'arliohvdraics. 
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4* Why is it possible to havt* only ono diose suf^ar? 

6. Name thm* triose sugars. 

6. If the graphic formula for a sugar is known, how may tlu* numlH*! of optical 
i.Mjiiiers which arc theoretically |K)ssible Iw dotermiiied? 

7. What is meant by a de.st).\y sugar? 

8. Name the four i>entosi' sugars found in nature 

9. Write an (uiuation .showing what hapjxms wht‘n a ]H*nlost' i.s lioiled with H('l. 

10. W ritt* graphic formulas for the fom* im|K)rlant he\o.ses aiul indurate the |K)ly- 
liydne alcohols from which each may be derive<l 

11. Which of th(* above hiixases givc‘ the .same osaitone? \\'h\ ? 

12. Describe Molisch’s U*st. What is it a test for? 

13. What Ls the ai'tion of alkali on reilucing .sugars and on nnnrtMhicing sugars'* 

14. What is the Jjobry de liriiyn transformation? 

15. What is the action of acid on mone>, di-, and |K>ly~.sacc haride.s*^ 

16. W hat. is a urona* acid? 

17. What IS meant }\v prol<‘ctive .synthesi.s? 

18. How are glucuronic, gluconic, and saccharic acids relaUsI (‘luauicall,. to 

//‘gllK «)Sl‘? 

13. (live th(‘ (‘omposition of riOihiig's .solution and mdi<*ate ()u* fi e tion of each 
consliuient. 

20. How doe'' Hi'iiedicl's (jualitat ive riMgent dilTi'r from Kehhng’s soiiu ion? 

21. How does Benedict’s (ju,mtitati\< reagent tlitVer fioiii his iiiialitalive reageiil * 
How IS the (juaniitat ive reagent used? 

22. What is the comi>ositionot HarfiKsl'ssolution? Df what s|M'ei.il value is it? 

23. How d<M‘s Nylaiaha’s sohuum dilTer from lM‘hluig's sehitien’^ 

24. Wh.Ml pieei()Hal<‘ results when nshnang .sugars are la^atisl Wilh rehhng’s, 
BiMiedii t’s (jiialitativi' and <iujiiuitalive n‘agents, Harietsrs an<l NylamKa's sohitioii.s'^ 

25. Name sever.d othei re.igents which sugar solutions will nsliici* 

26. XaiiK* tlic ah'oliol.s which the four im|M»rlanl Ih'nosi* monosaccliarnli's give on 
reiluction. 

27. Wh:it IS meant tiy an.uTobie lU int* riiioleiMilai respiratuin? 

28. Jiidieate tia^ reactions taking place in llu' formation of an osa/one from 
•/-glucose 

29. Indicate how gliieosazoni* may 1 m* convertisl into r/-fruetos»* 

30. Name an jnipoitant pro|M‘rty ol tin* hydra/.one of d-mannosi* ulueli dis- 
tuigiushe.s it from the livdra/<UM* of d-glueov 

31. Of what value are osa/ones? 

32. How do sugars react with phos]»liori<* ai'id? 

33. Write aii eipiatiou showing what hup{M*ris during the alcoholic ferment at ion 
of glueose. Name .si'veial otIuT 1y|H*'- of fermentation 

34. K\plain mularolatioii, usingd-ghieosi* asan exampli* 

35. How may «- and »^-f/-ghn‘OM' be pn*pared’* 

36. Write, the pyraiiose ami fuianosi* formula*- lor rt-</-glueos(*. 

37. How do plants and animals ilifTer in their nutrition? 

38. Discas.** the occurrence, ph\siological imiMufance, iis<*k, and commercial 
manufacture of d-glueoso. 

39. What is glueosamine’'' When* is it found in nature? 

40. What is the most c'haraeiiTistic thing uIhiuI the c'hemical structure of d-fnic- 
tose? 

41. ( »iv<‘ tw<» other names for d-fructost;. 
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48. What effent does temperaiun^ liave on the specific rotation of d-fructOBe? 

. 48. How may d-frurto«o Ixj preimrod? 

44. Name two testH for fruetosc;. 

46. Wiiat are the relative ftWfjetncHseH of the common sugars? 

46. (five the occumiiiM^ of d-nmnnosc and two methods of preparing it. 

47. Compare the osazoneH and hydrazones of d-mannose and d-glucose. 

46. Descritie the tasU* of d-mannow^ 

49. Where is d-galii<‘U>H(» found in nature? 

60. (jive two U*Ht.s for gaiaclow' 

61. Into what two clasHt^s are diHacehande.H divided? 

58* What do maltose, cellohiose, lartost^ and sucrosi' give on hydrolysis? 

68. What is a glucoside? How may alpha- and lH*ta-glucosid(>s be (listinguish(*d? 
64. What is malt? 

66. (hve two a<lvantages of the fact that iaeiost^ is the sugar of milk. 

66. What is iMita-lactosc*? How is it made from the alpha varudy? What is 
‘‘sandy” kv. cream? 

67. F rom what is cAdlobiosi* obtaiiuKl? How d(M‘s it differ in structure from 
starch? 

68. (jivo tw*o other iiaiiu'^ for smrosiv 

69. What are the chief sourc(»s of sucrow^? 

60. What an^ barley sugar and caramel? 

61. DfMis siuTow redun* Fehliiig’s solution, show' mutarotation, or form osazones? 
Why? 

68 . Why (Um's sucros<» cryslalh/e s<i riMwiily? How' may crystallization Im* 
prevented? 

68 . What is meant by th<* inversion of cam* sugar? How' is it done, and why is 
the process ealUnl invc'rsion? 

64. What IS vtsHigen? For what i.s it iisihI? 

66 . Indicate thn'o ways of hydrolyzing ratfinose. What priHiucts are formed 
with each nud luKl? 

66. Where are |N'iitosan.s fouiai in nature? 

67. How may jn'iitosans Is* used by the UmIv? What com|K)unds in the tnidy 
contain jHjntosi's? 

68. Whf •rt' dws staich ociur in natun*? 

69. How' can the origin of starch be deterniiiifMr* 

70. What IS the chemical nature of a starch granule? 

71. How may starch l»e syiithesiziHl in the lalMiratory? 

78. (live a t4*st. for starch. What is th<* achroinat ic }K)int ? 

78. (five Si^veral us«*8 of starch. 

74. Name thnn* varieties of dt'\trin and give their n>action with iodine. 

76. How is de.xtrin made? 

76. What is the solubility of dextrin? I>(h*s it naict with Fehling's solution or 
phenylhydrazine? 

77. What is Dextri-maltfW? 

78. (five several iw*.s of dextrin. 

79. Give the occurn'iict^ of glycogtm. 

Sd Flow dcH»s the chemical striictiin* of glyi^ogen compim* with that of starch * 

81. Wliat color diHxs glycogim give with ifsline? 

88 . Dihw gly<x)gi*n n»duci> Kehling*s solution or form osazones? 

88 . How is glyixigen prt^pared? 
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84. Bfow does the chemical structure of cellulose differ from that of starch? 

85. What is amyloid, Schweitzer's reaftent, and Cross and Bevac/s reagent? 

86* Of what value is ci^llulose in the diet? 

87. What is mercerized cotton? 

88. What is rayon, and how is it made? 

89. What is cellophane? 

90. What is Cel-O-Glass? Why is it usihI? 

91. How is shatter-proof glass nia<le? 

92. What aro gun cotton, pyroxylin, collodion, celluloid, New Skin, and pyroxy¬ 
lin lacquer? 

93. What is inulin? Where is it found, and of what value is it ? 

94. What is the chemical eo(n|)osition of gums? Where are they found? For 
what are they astjd? 

96. What an* mucilages, and of what value* an* the*y to plants? 

96. What is agar-agar? Give its us(*s in haeU*riolngy and in miHiieine. Is it of 
value as a food? 

97. How do hcmi(*e*llulow»s differ in composition from normal ct'lluloHe? 

98. Name and charact<'riz(* thr(*<* tyinw of ei'llulose. 

99. Give sovenil use's of lignin. 

100. What is jH*etin? What is its chemie'al structun*? How is it ]>n'pan*d? 

101. What eonditions an* ne'cessary for |K*etiii U» form a ji‘lly? 

102. Give the* uses of |H*etin. 

103. What is nie'ke*! pe'ctiii, and for what is it use'd? 

104. What are immuno-ix»Iysae<haridt»s? 

106. Indicate* seve*ral ine'lhods which may Ik* use*el for de*t4*rmiiiing the amount of 
e*arlx)hydrat(^ in a fe)eKl. 

106. What is niesint by the* te*rnis crude* fiber anel nitrogt‘n-fres*e‘xlrae?t? 

107. (hve tw'o jieissible* physiological functions eif glueeiNiele*K iii plants. 

108. What is nie*ant by an aglueeme* group? 

109. Name sove*ral glucoside's, and tell what each yie*lds on hydnilysis. 
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THE LIPIDS 

Tho lipids aro important const it inputs of protoj)lasin, charactcrizod 
by lH*in>; insoIubU* in \vat<T but soluble in ether, ehlon form, and other 
fat solvent•^. <‘h<‘mieally they are esters of fatty acids or an* capable 
of forming esters. They all contain carbon, hydrogen, and oxyj*<»n, 
and som(‘ have also phosj)horus and nitro{»i‘n. They an* found in all 
plant and animal matt(*r, and at least some of th(*m app(*ar to be an 
essential <*onstitiU‘nt of protoplasm. Iti the animal body they form the 
main store of reserve food su|)ply, lM‘in^ <l(‘riv(‘d from the lat and carbo¬ 
hydrate of tlu* di«*t. '1 lie brain and nervous tissue* is rich in c(*rtain 
lipids, a fact which iialicates the importance of these compounds to life. 

Classification of Lipids 

1. Simple lipids <*st<*rs ot fatty ands and ah'ohols. 

1. Fats esters nf fatty arids and ^ly(a*rol, solids at 20^(\ 

2. OiU <*sters nf fatt> aeub aral Klyeernl. hcjiiids at 2(r(\ 

d Waxes (‘sters nf Inim-eh.un latty acids and lonu-cliain nioim- 
liydric alcohols or steroN. 

n. Compound lipids enters <i| lutty uckN and alcohoN in combination 

with other coinpoumls 

1. l*ln».splioli|)uls fntlike coinpoumls containing phosphoric aedd 

and a nilro>»en base. 

2. tllyc<»lipids coin|Hmnd'' containiin: a fatty achl, a carbohy¬ 

drate, :i complex alcohol, and nitn»Ken. hut n<i phosfihonis. 

111. Derived lipids the simple com{>ounds which "implo and com(M>und 

lipids j^ive on hydroly.sis. 

1, Fatty acids. 

2. iMcohols. 

It. Sterols. 

4. Xitroiren haH*s. 

Before the tats and oils, the first Kixiups in the above classification, 
aix* <liscussed, it will U* necessiiry to consider some of the derived lijuds 
which help to make up these eompouinb. Since all fats and oils are 
t'stei’s of fatty acids and j;lyeerol, these* substances should Ik* considered 
iH'fort* continuing? our dis(*ussi()n of tlu* fats and oils. 
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THE FATTY ACIDS 

Fatty AcidS| Soaps, and Glycerol 

The Fatty Acids. Tlie fatty m*ids are important hc‘(*aus<» they are 
louiid in all the wimple and eoinpound lijnds. Most of the fatty acids 
lound in the li))ids an* straight-chain a(*ids which are studuKl in organic* 
chemistry. Many of the important onesare unsaturattnl. 


rABLK 5 

The Fa'ity Acids Focnd in Lipids 


Name 

Kennula 

Occurrtxm* 

1 Satiirntpd Acids 



1 Acetic 


Spindle tr(*(* oil 

2. Butyric 

(\dl7('0()ll 

HutftT 

IsiiVidcric 


Perpoisi and dolphin 

4. ("iiproic 

(’.JliA'OOH 

Ihiiter 

,•5. Caprylic 

(Mli.(‘OOH 

( ocnanut 

0 ('apnc 

(’<dIiM( '<M)H 

Palm nut 

7. Laurie 

^ 111 Lj.itM ill 

I.aurcl and (‘<>coarMn oils 

8. Myristic 

Ol.tH-27(’()Oli 

Niitnieii and maci* 

9. Palmitic 

(’irJlaOOOll 

Palm oil and lard 

10 Stcanc 

(’i7iii.roon 

"I'allow 

11 Aracludic 

(’vai.»«.(’oon 

P“aiiut 

12. Hellenic 

(oilli/'OOll 

Ben oil 

LI LiKnoc<‘nc 

117^0011 

Peanut 

11 (’arnaiiLic 

<‘i.JIlTt’tHlll 


L") (’eniti** 

(\'.Jl.at’0()I! 

W’axcs 

10 Mells-^ic 

(‘-iii,v,(‘ooii 


II I'lisiit lira ted acids 



1 Oleic 

(',7li(!('OOH 1 =: 

Olive oil 

2. Lilinleic 

('nlluOOOH 2 = 

('orii oil 

IL Linnlcnn* 

(’i7H'9<’<>oh ;i -- 

Lin.seed oil 

4. Arachidfinie 

C^oHiiCXKMI 4 *= 

Tii'cithin and cephalin 

5. Olujiaiiodonii* 

( 2in:i.i<’<w>n = 

Kish oil-< 

III Ilydroxy acids 



1. Ricinolcic 

('nlls.tOHK’OOlI 

(’astoi oil 

2. PhrenoMuic 

C\MH,Hd)H)(^(>on 

PlireiiDsin 

'A. l^ihydroxyslearic 

('i7iii.iO)nLj<'<)oH 

('a^lor oil 

IV. (Vclic acids 



1 . Hydnocan>i<* 

CiftlbiTC^OOH 

<'liaiilinoofi^ra oil 

2. OhaulnioDf^'D* 

('i7H.iiOOOH 

ChaulniooKra oil 


A rather important generality which may lx* jiointcd out in connection 
with the fatty acids mentioned in Table 5, which an* the* important ones 
found in nature, is that most of th(»m c*ontain an ev<*n numlx'r of carlwn 
atoms. Among the saturated acids those* in the s<‘ries uj) to and includ¬ 
ing capric acid are volatile wdien they are subjectexi to steam distillation. 
The longer-chained fatty acids are solid at 20®C. and are nonvolatile. 
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Thw volatility of the lower fatty aeidH is utilized in testing for butterfat, 
which is characterized by its high percentage of volatile fatty acids. 
Palmitic and stearic acids are the most important of the saturated fatty 
acids. They are found in most of the common fats and oils. The satu¬ 
rated fatty acids with longer carlsm chains are of interest because they 
are found in many of the common waxes. 

The unsaturated fatty acids (K‘cur as glycerides in oils. The 
oils are liquids, largely In^eausc* of the unsaturated fatty acids 
present. Th(» most important unsaturated fatty acids are oleic 
lCH8((Tl2)7fTl--('II((Ml2)7('()()n],linoleic[(Tl3(rH2)6rH=(TICH-= 
CH(CH 2 ) 6 (X)()II 1 , and linolcnic acids [C*ll 3 (C^H 2 ) 6 (TI=(^HCIt- 
CHCH- (TI(f'lf 2 ) 5 (X)()II]. It will 1x5 noticed that all three have 
double Ixjnds in the molecule and that unaaturation progress from 
oleic acid, with one double bond to linoJenic acid with three. 

ITie unsaturated fatty acids present in drying oils are very important 
in the drying of paints. Oxidation at the double bonds of the acids is 
the initial step in this process. Fish oils, which have a high pcwentage 
of unsaturated fatty acids, art‘ often usc^d in ch(‘ai) pJiints Ix'cause of their 
ability to dry. 

("astor oil is characterized by the pn»s(‘nce of OH groups, which occur 
in ricinoleic and dihydrozystearic acids. Kicinoleic acid lias the follow¬ 
ing fonmila: 


C^H3((Tl2)5('H()H('H2('H--(lI((Tl2)7CXK)H 


Salts of this acid have lx‘en used in colitis tc) detoxify the intestine, 
(''astor oil may have a <lual acti<m, namely, as a laxative* and as a detoxi¬ 
fying agent. The laxative action of castor oil is said to be due*, at least 
in j)art, to the ricinoleic acid prese'iit. 

(yhaulincxigraoil, whi(*h contains hydnocarpic and chaulmoogric acids, 
is of interest lx»causc* it has beim ust‘d in the tmatment of leprosy. At 


CH 

X Yh- 


I I 

CHa—(’Ha 


-(('Ha),«-(’C)(>H 


IlydiificarpiP aoid 


CH 

/ \ 

('H ('H—(('H2)i2-(’()()H 

I I 

('Ha (Ha 

('haulmouKrir acid 


the present time the* ethyl ester of chaulmoogric acid is usexl instead of 
the oil. Hydnocarpic and (*haulmcK)gric licids, lx*sid(*s bc'ing cyclic in 
stnicture, are also unsaturatexl, containing one* elouble lx)nd. 

Isomerism in F\tty Acids. Throe typos of Isomerism may occur in 
fatty acids. Oleic acid has one double iKind, which is le)cateel in the 
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•enter of the molecule. On oxidation oleic acid breaks down into one 
•nolecule of pelargonic acid and one of azelaic acid. 

C'H3(C^H2)7CX)0H 

PeUriconio acid 

Oleic acid 

('t)OH(('H2)7(’OOH 

Aielaio acid 

If the cleavaRo is assumed to have taken place at the double bond, its 
position must liave bc^en in the center of the molecule, l)ecause lK»th 
IH'largonie and azelaic acids hav(‘ nine (‘arlnm atoms. If the position of 
the double bond in oleie acid is changed, sixteen isomers arc* possible. 
Sc'veral of th(*se isomers are known. This ty|x* of isomerism is known as 
position isomerism. 

Another type* of isomerism whieh oeeurs in unsaturatcHl bitty a(*ids is 
known as geometric isomerism. This de|K*nds on the spatial arrange- 
mc*nt of groups tied to the double*-!Kinded carbon atoms. If oleie acid, 
wliieh is liquid, is tre*ate*<i with nitrous a<‘iel, it is eonvi'rted into a solid 
callc*d (‘laidie acid. Both ole*ie and e‘laidie ac*ids hav^c* the same empirical 
formulas but differ in the arrang(*ine*nt of groups in relation to the double 
bond. 

H()()('((’Il2)7(^H H(H('ll2)7C:()()II 

Oleic acid Klaidic acid 

(cw) Itrnnut 

In oleic acid both hydrogens tied to the* (loul>l(*-bond(*el earl)ons are 
repn\sent(*d as Ix'ing on the* same side* of the* molc*ciile*; the*refore» oleie 
acid is sfxiken of as the cis form. In (*laidie ae*id thc*se hydrogens are 
reprt*s(*nte*d as In'ing on opposite* .sides of the* mole*eijle; the»rc»fore edaidic 
acid is sixiken of as the* (vans form. (Je*omctric isomerism is sometimes 
re*ferr(Hi to as cis-trans isomerism. 

It should also lx* point(*d out that optical isomerism may oeeiir in 
tatty acids containing asymme*tric carlx)n atoms. In ricinoJeic a(*id and- 
other hydroxy acids the earlxm to whieh the* OH group is atta(*he<i is 
asymmetric, and therefore the*se acidn arc* optically active and may exist 
in c»ither the ri or the / form. 

Since lx)th hydnoearpie and ehaulmoogric acids contain an asymmetric 
earlxm atom, the»y also are optically active. 

Soaps. The* metallic salts of the fatty acids are called soaps. Sodium 
and potassium salts are soluble in water and are the common soaps in 
the home. Tlie salts of calcium and magnesium and the heavy metals, 
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Huoh SH lead and ziiM‘, are insoluble in water. Sodium salts are known 
as hard soaps and potassium salts as soft soaps. When soap is dissolved 
in hard water, it reacts with tlie calciunj and magnesium in the water to 
fonn insoluble^ soaps, which precipitate, leaving the water nofL Zinc 
soaps, such as zim* stearate*, are oft<*ii ummI as dusting powder for babies, 
l)ecaus<‘ their action is antis(‘ptic and lM*cause th(*> do n(»t w(*t as other 
powders do. Sines* zinc st(*arate i.^ jMiisoiious, care should be taken to 
pn'vent a baby from eating it. 

The value of soaps in washing dc‘|K‘nds upon their i)rop(*rty of lower¬ 
ing suKiwe* tension, which in turn aids in emulsification. Most dirt 
is held to th<‘ skin or t(» clothes by oily substances present. In tla* 
presence of a soap and rubbing, this oil is emulsified and rinscsl off, 
carrying the <hrt along with it. 

A very interesting product is iu)w being iis(‘d in large (piantities as a 
Kulistitute for snap, f 'omincTciallv it is known as Gardinol, but to th<* 
hous<‘wiie it is familiar as Dreft and I)n‘en. (iardinol is a mixture of tin* 
sodium salts <if the sulfuric acid (‘st(‘rs of long-chain alcohols, such as 
lauryl or c<‘tyl alcohol. 'riu‘ formula for thi* laur\ 1 diTivativi* is: 

() 

11 

f rjlljn t) S O Na 
11 
() 

Soiliiiiii liur\l Hulf'itr 


'rh<* main iwlvantage of gardinol over a s(»a[> is that it d(K‘s not form 
insolubh* compouiKl.s with < alcium and magnesium and therefore may 
Ik* used in hard wati'r. Another adxantage is that a solution of gardinol 
is not alkaline*, as arc* solutions of .soaps, ami there'fon* it may be u.s<*d 
to w'tish de*licat(» fabrie-s which might Im‘ injured by soap. (Jardinol is 
more* surface'-teiisiem active than s<»aps .are; .and, sinci* none is used for 
soft(*ning the water, much .smaller (|uantities art* n(*etlt*d than of soap. 
Glycerol. I’he common ctuistituent of all fats and oils is glycerol. 

(iijim 

I 

(’HOH 

I 

ciijini 

(^djwrtil is a trihydric alcohol ami tlu'rt*for(* shows all the chemical n*ae- 
tions of alcohols. Some of tin* coiniHiunds foimed on oxidation are 
repn\st'ntt*d in the following diagram: 
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CH.OII 

I * 

C-0 

I 


CIIoOH 
CIIOH \ 


^ CH,OH 

Dlhjclroxracetooe 




CIIjOH 

U Ij cerol 


v9=o 

coon 

1 


coon 



CHOU 0 

cnoii 

0 

CIIOII 

^ i 



CHjOII 

cir.oii 


coon 



Olyceiio altlHiytle 

(Mji-i'll.- 

tind 


Tartronic 

aeiJ 


An inton‘,siing roartion tak(‘.s placi* when glynMol is io a high 

tcmjKTaturo or vvifli a dohydrating agc^d at a Iowcm* l(‘iniK‘rafiuv. It 
lows two inol('(*nl(*s of 1120 , forming acrolein, a coinpoutid vvitli a vory 
pungent odor. \\ h(*n lK*('f.stc‘ak is fritnl on a vtuy hot pan, ai*iol(*in may 
he formed through the deeomi>osition of the gly(‘<*rol in tia‘ fat. In 
making tallow candles, free* fatly n(‘ids arc^ oflt'u used rather than fat. 
When candkss niad<‘ from fat are huriuHl, they produ(‘(‘ a hiwl odor, due 
to the formation of acroli'in from th(» glycerol presi^nt. 

H 

CH2<)I1 O 

('HOH + 2I!2() 

I he.K 

CUI 2 OII 

Acrolfiri 


Since glycerol is a trihydric alcohol, it will form a tn])l(* estcT with fatty 
acids. Such (»sters are the fats and oils, Tht* formation a fat may 
he represent<‘d thus: 
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Fats and Oils 

The fatH and oils are very similar in their ehemical structure, both 
beina esters of glyceit)! and fatty acids. If the glyceride is a solid at 
20®(’., it is classc^d as a fat; if it is a liquid at that temperature, it is 
classed as an oil. ('heiiiically fats differ from oils in that fats contain a 
high percentage of saturattnl fatty acids, whereas oils contain rather large 
quantitic*K of unsaturat(‘<l fatty acids. Short-chain fatty acids also 
tend to lower the nn^lting point of a glyceride. C^K'oanut oil has a rela¬ 
tively large i>«*n'<*ntage of volatile fatty acids. 

Chemical Structure. In the jreceding station the formula for tri- 
stearin, a tyfHcal fat, was giv(‘n. WTien all the fatty acids in a fat mole¬ 
cule are the same, as ihoy are in tristearin, the fat is called a simple 
glyceride. In most naturally occurring fats different fatty acids are 
found in the same fat mohrule. Such a fat molecule is called a mixed 
glyceride, h is <‘vi(lent from the following formula that st'veral isomers 
of a mixed glyceride may exist. 

II 0 

1 \ 

H—(/—() ( -('J7II33 
0 

H V (’,71135 

I 

11 (’ 0 V {'isllsi 

I 

II 

A iiiixfMi Klyt^rnde 

It is pos.sihl(' to hjiv(» glycerides with only (me or tw’o fatty acids in 
th(‘ mol(M*uI(\ hut such moIecul(»s an* said not to occur in nature. 

Animal Fats. Most of the glyecTuic.^^ found in juiiinals are fats, ratlu'r 
than oils, although in many of the eold-l)lo()d(><l animals, such as fish, 
oils un‘ found. 'Fhc fats of animals of diffenmt s|kth\s are often quit(» 
diff(*rent in eonqjosititm. Since the melting point of a fat varies with its 
ehemi(‘al eonn>osition, it may Ik* iwd to show diffenmees in composition. 
Lard, w'hi(*h is hog fat. has a melting iH»int of 2S®(\, IxH'f tallow 46®C^, 
and sh(H*p fat oTC’. Thus it can Ih' si»cii (hat hogs hav(‘ shorter-chained 
or mon' iin.Mvtmated fatty acids in their fat than slax^p or cow\s. 

Fats fnmi differt'iit parts of th(' Isniy of the same animal var>' in com- 
|K)8ition. Thus hog kidney fat melts at whereas lard, w'hich is 

the IsKly fat of th«» hog, melts at 28°(\ As a rule the fats in the more 
active parts of the Uxly are mon* unsaturatiKl and have lower melting 
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jioints than those stored in fatty tissue for future use. The fats in the 
heart muscle are highly unsaturateii. rnsaturatnl fats aix' more easily 
oxidized than saturated ones, a fac‘t whieli may a(‘(*ount for (he pnnni- 
ncnce of the unsaturated fats in tissues inetalK>lism is a(*tive. 

Diet also influences the com|Kxsition of Iwnly fat. Tp to a certain 
I)oint the body is able to deposit a fat of rather definite composition; 
but, when large quantities of fat are hnl, (he* body tc*nds to depexsit a fat 
similar in composition to that in the diet. Perhaps (he* Ix'st cwainplc is 
iound in the hogs raised in th(* South. When large (juantities of ]K*anuts 
or cottonseed meal are f<*d th(*m, the fat lM*(‘omes soft and tlu* hogs are 
not so desirable from th(* standpoint of mark(‘tability. 

Butterfat is a very imjiortant animal fat. The chief cliaraet(*rislic 
which distinguishes it from other fats is its high ]H'r(H*ntagt‘ of volatile 
soluble fatty acids. From 10 to llhCi jx*!* c(‘n( of the* fatty acids in butter- 
fat an* of this t^-^pe. Adulteration of butt(‘r can easily U* n*<‘ognized by 
determining its volatile soluble fatty aci<l eoiit(*nt. 

Oleomargarine. Many substitutes for butt(*r an* on the market at 
the present time, '^riie first substitut<* was made* ui 1870 and was calkxl 
ol<*omargarin(*. It was nuide trom lx*ef fat by partly m(*lting and 
s(‘parating the more liquid fraction. This ol(*o oil was mix(‘d with other 
fats and oils, churned with milk and v\ork(*(l up lik(* l)utt(*r. At tho 
present time many products of this kind an* on I he* market. Many 
(‘ontain large (plant iti(*s of such lo\\-m(*lting glyccridt's as thos(* of cocoa- 
nut oil. 

A gn*at deal of tlu* j)rc‘judic(* against tlw* use* of ol(‘(»margarini* or 
artificial buttc'rs is unwarrant(*d. Fn»m th(* standpoint of purity they 
should be lK'tt(*r than many butters, and as focxls th(*y pos.sess th(* same 
(*n(*rgy valiums as butter. At tlie pr(*s(*nt time* the only r(*al argunumt 
in favor of butter, from the standi)oint of finxl value, is th(* fact that 
butter is a gcxxl source of vitamins, wh(*rcas many butter substitut<*s arc 
not. At the present time many butter substitutes are Ix'ing fortifiexl by 
the addition of .synth(*tic vitamins. 

Vegetable Oils. Most of the glycerid(*s found in the* v(*getabl(» king¬ 
dom are oils rather than fats. That they an* oils is dm* mainly to the 
pn*sence of unsaturated fatty acids in tlx* mol(*cul(*. Sinci* imsaturation 
is an essential for drying, many of the veg(*table oils an* drying oils. In 
fact, the vegetable oils ait* classifi(*d on tlx* basis of th<*ir drying i)rop<‘r- 
ties. 

Hydrogenation of Oils. Although vc*getable oils have* many uses 
as such, many of them, such as eotton.set*d oil, have lx*cn made more 
valuable by conversion into fats, which ait^ usiid as lard sulxstitutcs. In 
this conversion of an oil into a fat a very simple principle of organic 
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Classification of Vegetable Oils 

1. Nondrying oils, containing large quantities of oleic acid. 

Palm oil. Peanut oil. 

Oocoanut oil. Date oil. 

Olive oil. Kice oil. 

2. Semidrying oils, containing mainly oleic and linoleic acids. 

(Jorn oil. Brazil nut oil. 

('ottons(*(Ml oil. Soybean oil. 

Wheat oil. lliipe seed oil. 

Sesame oil. 

3. Drying oils, (‘ontaining mainly linoleic and linolenic ucid.s. 

Ijn.M*(‘d oil. Hernpseed oil. 

Tung oil. Walnut oil. 

I'oppysecil (»il. Sunflower oil. 

ehomistry, n.uiudy, that hy<lrog(‘n may addtHl to an uiisaturat(Hl 
moloeule, eoiivi'itiug it into a saturated one', is applied. This proe(\s.s is 
ralle<l hydrogenation. In hydrogenation an oil is mixed with fimdy 
divid('(l nickel, \n Inch acts as a catalyst, plac(‘d iii a tank, when‘ hydrogen 
may 1 h‘ inixe<l with it un(h*r pressure, and (In* niixtur(‘ lieated. By 
<*ontrolling (he amount of hydrogen, any desirc<i degn'c* of hydrogena¬ 
tion may he obtaiiu'd. 'riu' r(\sulting mixtun* is then filtcTcd to remove 
the nickel, and on cooling a fat is obtained. By this proc(*ss cottonscHxl, 
IH'aiiut, and other oils arc c<mvert(»d into valuabh^ lard substitutes, such 
as (’risco, Snowdrift, and Spry. 

Diying Oils. Perhaps the most valuabl(» v<'g(*tahlc oils are Ihost^ 
that havi* the i>ro])<Mty of combining with tlu* oxygc'ii of the air and 
changing to resinous s(»lids. That oils combine Mitli oxygen when they 
<liy is sluuMi by the fact lh:it they incrciu^c in W(*ight during tlu‘ drying 
proctvss. 'I'he drying i)roc(\s.s not only is an oxidation hut also includes 
a polymerization in which many of tlu' oxidized oil molecules unite to 
form a complex ri'sinous mati'rial. The drying oils find their greatest 
utility in tlu* manufacture of paints and varnishes. The most eoinmon 
ones arc linseed and tung oils. Lin.stssI oil is nuuh* from fiax.s(^ed either 
by .s(jU(H‘zingt)ut the oil by pres-sure (theold process) or by extracting the 
pii‘as(Hl cak«‘ with fat solvents (the new process). Tlu* material left 
after the removal of the oil is known as linseed (*ake and is us(k 1 as a cattle 
feed. It .should U* iMiiiitcxl out tliat the old-i>roce*.ss cake, which contains 
nUu‘h oil, is more \ alual>l(» as a fin'd than the new-proeess cake. 

Two kinds of liiisinnl <»il are on tlie market, raw and boiled. Boiled 
linscH'd oil is the raw oil wliich has kvii heated to 130®C. vAth a mixture 
of lead oxide awui manganese dioxide. These oxidizing agents initiate 
the drying process; iherefori' boiled liaseed oil dries much faster than the 
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aw oil. Since boiled linseed oil contains some lead, which is a poison, 
t should not be taken internally. 

In the diying of an oil, heat is generated. It frequently happi'iis that 
oily rags generate enough heat to catch firt\ Many disastrous firtw 
have l)een caused by the spontaneous combustion of oWy rags. 

Hydrolysis of Fats and Oils. ()iu‘ of the* most iiiqH)rtant n*artions 
of fats is hydrolysis. During hy<irolysis a fat is broken down into 
glycerol and fatty acids. This redaction may lx* brought about in st'veral 
ways. Water alone at ordinary temperatur(\s will hydrolyze* fats in 
(‘xtivrnely long periods of time, ^^ith sujXTlu^atcxl sfemii the inaction 
will take place in a few' houi*s. 

By means of chemical reagents the hydrolysis of a fat j)iocmls mon' 
riipidl 3 '. A solution known as TwitchelFs reagent ]» 3 <irolyzt‘s fats 
rapidly" when the mixture is h(‘ated with exhaust steam. ''I Ins n'agent is 
made of iiaphthah^ne, oleic achi, and sulfuric acid. AMu‘n small amounts 
of it an* iulded to a mixture of fat and water and the mixtuie is h(*at(*d to 
I he boiling ])oint, the fat liydroh'zes to glyccTol and fn‘f* fat t \ ie*ids. 'Fhe 
Twitchell process is used extensively in soa]) making at tlu* piesent time. 
The fn*e fatt,v acids an* treated with alkali to form soap. IIm* main 
advantages in this proc(*ss an* that the tatty acids arc* (‘asily s(*parat(xl 
from the mixtun*, and the residue is a watc'i* solution oi nearly pun* 
glyc(*n)l. Tlie glj'cerol is a valuable by-product, and it is important that 
it may be easily recoven*d. 

The most common method of hydrol^’zing fats in the* laboratory is 
bv heating in the presence* of alkali. If the alkali is ns(*d in al(*ohoiic 
solution, the reaction is more rapid than if it is used in water solution. 
The ivsisoii is that tlie fats are slightly soluble* in hot alcohol and insolu¬ 
ble in w'ater. In this reactiem gl^Tcn)! and soap are* torine*d thus: 


() 

V 

( — ()_ _(' — ( 

I () (lizon 

I \ I 

CH -(>-(' (’itHsa + 3Na()II = ('IIOH -t- SCiTHtsf <) 

0 ' \ 
i \ ('IlaOH ONa 

CHz—O—(^ 

Trintcann rilyconil Soduiiti ntearaCc, 

u fir;<tp 


WTien soaps are maele >)y this pre)ce*ss, 1he*y are* in solutiein Tiiixe»d with 
the glvcenJ and the NaOH. They are separate*el by salting out with 
XaC’l.* 

From the biological standix)int the enzyme hydreilysis of fats is of 
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interest. A fat-splitting enzyme is called a lipase. It splits a fat into 
glycerol and free fatty acids. The most important lipase of the digestive 
system is steapsin, found in the pancreatic juice. 

Rancidity. At the present time two types of rancidity are recognized, 
namely, hydrolytic and oxidative. 

In hydrolytic rancidity the bad ckIoi* and taste are due? to the hydroly¬ 
sis of a fat with the liberation of fn^e fatty acids. In a fat like butterfat, 
which contains a liigh |)ercentagc‘ of volatile fatty acids, hydrolytic 
rancidity is very noticeabh*, Ix^cause the volatile fatty acids lil)orated 
have an extn'iiuOy disagreeable odor and taste. On the other hand, 
in a fat lik< lard, vhich contains f<‘w volatile fatty acids, hydrolytic 
rancidity is not such a s(‘rious problem. 

In most fats oxidative* rancidity is the more important. This tyjx* of 
ranculity is causeil by tla* oxidation of unsaturated fatty acids at their 
double boiu^ with tlu* producti<m of shorter-chained acids, aldehydes, 
and ktdoiu'h. In tlu* daily industry tallowy butter is a result of oxidative 
raneidity. ()xygt*n is iH*cessarv for oxidative raneiditj’ to occur. Light, 
heat, moisture*, aiul trace's e)f (‘e*rtain medals, such as copper, hasten the 
oxidative* preie'e'ss. < )xi<lat ive raneadity is e)f great imix)rtance in cooking 
and baking \\he*n the* proelucts are* te* be kept for any length of time. 
Staleme'ss in feiexl prexlue-ts like* potatei chips and crack(*rs is a result of 
oxielative* rancielity. Prexlucts kept away frean air and light in sealed 
eontaiiM'i's re*main fre'sh niue*li longeT tliaii the)se* stores! in the e)|H'ri. 

As fats vary in tluar ability te) withstand eixidative rancidity, in the 
baking ineliistry it is important te) cheK)s(* a fat with good keeping 
qualities. 'Phe* k(*e*ping (piality of a fat may lx* de*t(*rmined by exposing 
a sample 1e> e)xyge*n and ne)ting the time ieejuire*d for active oxidation to 
start. A fat of pejor (piality will start tei oxidize almost immediately, 
when'as eine e»f ge)oel k(*eping ciuality nxiuiivs several hours for rapid 
f)xiiiatie)n to lx*gin. 'J'he* time rc*(|uiml fe»r the onsc't e>f rapid oxidation is 
known as the* induction period. 

The le)iiger inductie)n pe'riexl of some fats may lx* due to the presence 
of traces of substances calle*el antioxidants, which i)rt*vont the oxidation 
of de)uble* beiiuls. Not a gre*at deal is known alx)ut the chemical nature 
of antieixielants, but in ge*ne'ral it may lx* said tliat they are eeimpounds 
which air more c'iisily oxidizoel than the fats which they protect from 
oxidation. Itccent work indicates that certain vitamins, such as C and 
E, an* natural antioxidants. Maleic acid, an unsaturated arid related 
to malic acid, and certain sterols passcss antioxidant properties. Many 
artificial antioxidants are known, among which hydroquinone is a good 
example. Such comfwunds, however, cannot be added to edible fats 
and oils because of their toxic properties. The search for an efficient, 
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(>dible antioxidant which may Ik? added to a fat to prevent oxidative 
rancidity is at the pn*8ent time being actively carried out. 

A delicate test for oxidative rancidity which is commonly is 
the Kreis test. In this tc.st the fat to 1k> examined is tivated with 
ether, phloroglucinol, and hydrochloric sicid; a positive t<'s( is indicate<i 
by a red color. This test is due to the presence of epihydrine aldehyde, 
which probably is derivjnl from glycerol juid has the following fonnula: 


I >) 

Oil/ 


I H 

1 / 

C'=t) 


Epihydnnc aldehyde 


The Analysis of Fats. An ideal analysis of a frit would ho tho doior- 
mination of tho kinds and amounts of tlio fatty aoids togothor 

with thoir rolativo positions in th(‘ fat mol<‘^*iil(*. Kve^n afte r du* amount 
of each fatty acid jirosont is known, it is v(*ry difficult to tc‘ll in which 
positions they arc tied to glycerol, h(‘caus(‘ most fats an* mixed gIyc(*rid(*H, 
Since fatty acids which difT(‘r by only a few carbon atoms in tlu* chain 
have such similar proper!i(*s, it is a very difficult proc(*ss to .s(‘parate 
them quantitatively. It is rather simple to separate* tlu* tatty acids into 
large* groups but very difficult to se*j)arat<* tlu* individual fatty acids. If 
a fat is saponified with alkali and then 112^04 is a(l(l(*d, tlu* fatty acids 
an* s(*t free. By a jirocess of distillation tlu* volatile* fatty ae-iels may Ini 
separateel from the neaiveilatile. Since seime* eif the* volatile* fatty acids 
are inseiluble in water, they will ciystallize* out in the elistillafe*, and by 
filtration the volatile fatty acids may be separate*d inte) twei gniups, 
namely, the soluble* and the insoluble*. The veilatile* fatty acids include 
those with t(*n or less than te*n carbon atemis in the* ine)le*cule. 

The nonvolatile fatty acids in the re'sielue afte‘r distillatiein eemsist of 
the longer-ehained fatty acids, both saturate'd and unsaturate*d. The 
saturated acids may be* sc»i)arate*d fnmi the* imsaturate*d by taking 
advantage of the fact that the le*ad salts e>f the unsatiirated acids are 
soluble in ethyl ether. 

The diagram on p. 104 indicates the separatiem eif the fatty acids into 
the four groups. 

The usual method for studying fats and oils d(>e*s not include a com¬ 
plete analysis but rather tho determination of fat constants. (Sec 
Table 6.) By determining several of these constants, it is usually possible 
to decide what fat or oil is being w*orked with. Fat constants arc di¬ 
vided into two classes, the physical constants and the chemical constants. 
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Fatty Anus 
I Distil 


V'olatilii 


t'llU r 


Non-volatile 

Treat with ether and 
lead ace tate and filter 


Soluble Insoluble 

volatile volatib; 

fatty fatty 

acida acida 


rnsiitiirat4*(l 
fatty acirls, 
lead salts 
Bolubh^ 


Saturated 
fatty acids, 
load salts 
insoluble 


Physical Constants. Among the physical constants of fats and oils 
an^ f h(^ specific gravity, tlu^ refractive index, the viscosity, and tht^ melt¬ 
ing pokit. Since lats ar<‘ mixtures of oh(‘mieal comiHuinds, fh(» melting 
|M)int is not sharp. Often th<* solidification point inst(*ad of the nn^lting 
point is det(‘nnined. A still Iw^ttcT constant, known as the titer test, 
is the determination ol the solidification point of tlu' mixture* of fret* fatty 
acids ohtairuHl from a fat. 

Chemical Constants. Svponifk .vtion Ni muku. 'J'he saponifica¬ 
tion immlM*r is (h*fin(*d as tht* numlH*r of milligrams of KOI I nt'cessary to 
eombint* with tht* fatty acid in 1 gram of fat. It is dt'ttrmined by 
treating a weightHl sample of fat with an <*xeess of alcoholic KOIl and 
iHiiling until saponification is complete. The (‘xct*ss of KOlI is then 
titrattvi with a staialard solutitm of a(‘i<l. If tht* amount of alkali origi- 
ntUly added t<i tlu* fat and tla* amount l(*ft aft(»r saponification art* 
known, it is tvisy to calculate the amount iK'iitralized by tla* fatty acids 
in the fat. It should b<* noted that the saponification number includes 
Ixitli fr(H* fatty acid.s aial those combitaHl with glycerol. Since each 
mol(H‘uh* of fat, regardless of its .sizt*, recpiin's lhre(* mol(*cules of KOll 
to saponify it, it is evid(*nt that the sa|M)nification number r(‘ally indi¬ 
cates tla* numlH*r of fat mol(*eules |H*r gram of fat. The larger the fat 
molecule, the fewer there will Ik* jh'I* gram of fat. The saponification 
number, tlu*refore, becoim»s a nu*a.sure of flu* size of tla* fat molecule, or 
more siK*cifically tla* .size or mol(*cular weight 4)f the fatty acids in the fat. 
A high .sa|K)nificat ion nundu*?* then means a low* moh*cular wc'ight, and a 
low^ sa])onificalion nunilH'r mean^ a high molecular weight. Hutterfat, 
which has a large* nuinlH*r of low fatty acids in the molecule, has a 
saixmification mimln'r of about 227; lard has a saixinification numlx'r 
of about HIT. 

Aeii) Nt'MHKK. Sonietim<*s it is of value to know' how' much free 
fatty a(‘id then* is in a fat. For this punK)se the acal numlx'r is deter¬ 
mined. A weighed sample of fat is dissolvt*d in hot, n(*utral ai(*()hol 
and titratt*il with standard alkali .solution. If the amount of alkali 



CoN'^TWT's OF I VTX \ND Oils 


CHEMICAL CONSTANTS 


lOS 



1 ikul from Huud^nol of ( htmistni and Phjsn^ h\ C D llodgmtn ( ouri.<.*'V Chcmit al Rubber Co 







106 THE LIPIDS 

taken is known, the number of milligrams of KOH required to neutralize 
the free fatty acid in 1 gram of fat can easily be calculated. This value 
is the acid number. A high acid numl>er would be cxjKJCted in a rancid 

fat. 

Estkb Numijkr. If the acid numl)er Is subtracted from the saponi¬ 
fication numln^r, the n^sult is the (\ster nuinln'r. 1 h(‘ est(*r number may 
l>e defined as tlu* nuiiilxT of milligrams of KOI! iie(*essary to combine 
with the fatty acids which are in combination with glycerol in 1 gram 
of fat. A puie fat should have no acid iiumlxs', and th(* et>*t(*r and saponi¬ 
fication niimlKss sh(»uld l>o th(‘ same. 

Acetyl Nir.\irjEU, The acetyl numlier is a measure of the number of 
OH groups i)r(*s(sit in a fat or oil. In determining this numlxu* the* fat 
or oil is first treatcsl with acetic anhydride^, which reacts with each OH 
group, introducing an acetyl group. A w’(Mgh(*d sample of the acety- 
lated fat is Wu n saponifi(‘d w'ith alcoholic KOII, and th(‘ fatty acids are 
freed from their soaps by a<lding mineral acid ecpiivahmt to the KOII used 
in saiKmification. Acetic acid, Ixsng a s()Iubl(* fatty acid, may then Ik* 
H<‘parat<‘d from the nvst by filtration and determined by titration with 
standard alkali. In this determination a blank must be njn on the* 
una<s*tylate<l fat, sin(*e most fats c<»ntain sonu* solubk* fatty acids other 
than ac<»tic. 'rhe a<*etyl number is defined as tin* number of milligrams 
of KOII re^juinsl to neutralize* the acetic acid obtained by saponifying 
1 gram of ac(‘fylat(‘d tat. Must fats and oils have* a low ace‘tyl number 
averaging be*twe*e*n ^ anel 15. (’a.ste)r enl, whieii is high in rie inoleic acid, 
has a value* of alxiut 150. 

leiniNE Ni’MiiKu. The icKline numlHs* is de^fined jis the numlK 5 r of 
grams of iodine* absoiix’d by 100 grams of fat or oil. Since the ioeline is 
abseirlx'd by the* doubk* bonds in the* me)le*e*uie', the iexline number is a 
measure* eif the* degre*e* e^f un.saturatiem e>f the* fat or eiil. Linsexx! oil ha'^ 
an iesline* numlH*r eif 170 tei 200; lard has an ioeline numlx'r aremnd 50 
to 70. There* are .se'V(*ral me'theiels of eletermining the ieMiine numlHr. 
One whie‘h is (*e)mme)nly use*e.l is that e)f Hanus. A small sample of oil 
is W'eighe*el inte) a beittle* anel dis.solveHi in e*hlorofonn. To this is aeleled 
Hanus' ieHline* .seilutieui. whie*h is a sedutiem eif e*(iuivale*nt amounts of 
iodine and bromine eli.s.s()lve'el in glacial acetic acid. Afte‘r the r(*agent 
has lHM*n given 50 minute's tei renict. K1 seilutieui is added, and the free* 
leKiiiu* is titrate*el w'ith .stiuieiard solution, starch Ix'ing usexl as an 

indi(*ator. I'he* KI is aelele*el to mneive the bromine from the .solution. 
Hromine re'plae*e's ieKline* frenn its salts. The amount of halogen in the 
original solution U'ing know'n, it is t'asy to calculate the amount absorbed 
by the oil. It shemlei lx* notexl that Ixdh bromine and iexiinc may be 
al)sorlH*e.! by the oil. 'Fhe value, however, is expressed in terms of iodine. 
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UNfiAPONiPiABLE MATTER By uasajM^nifiable matter is meant that 
part of a fat or oil which is insoluble or incapable of forming a soluble 
>oap ^vith alkalies. Pun* edible fats and oils usually contain only alKuit 
1 or 2 |)er cent of unsaponifiable matter. If a fat is saiK)nified and then 
warm water is added to the saiK)nifi(*d mixturt', the unsa}K)nifiable matter 
appears as oily drops or as a milkiness. It may lx* sc'paratcxl by extrac¬ 
tion with ix5troh‘um ether. 

The unsaponifiable fraction of fats and oils hits ussuiiuhI givat im{)or- 
tance in nutrition, since it has Ix^en sho\\n that certain vitamins, which 
an* associated with fats, are prcs(*nt in this fraction, llu* st(*nils, which 
will Ik* discussed later, an* important constituents of uusa|K)nifiabl** 
matter. 

Rkichkut-Mkissl and Polknske Ncmbkhs. 'rhe Keicheri-MeissI 
number, wliich is used esp(*cially in det(*cting adulteration of butterfat, 
makes it possible to determine the amount of volatih* solubh* fatty acids 
present in a fat or oil. In this process 5 gi anis of lat is saponifies!; then 
H 2 S(b is.added to liberatt* the fatty acids 'rhe volatile acids arc dis¬ 
tilled, the distillate is filt(*red, and the filtrati* titrat<*d with O.l A alkali. 
The Reichert-Meissl number is <!efined lus the number of cubic cenli- 
metei*s of O.l A alkali required to neutralize* the volatile soluble fatty 
acids distilled from T) grams of saponiticHl and a(*idifi(*d fat. 

The Polenske numlH'r i^ d(*t<*rmim‘d in the same* manner as the 
Reichert-Meissl numlKT, except that the insoluble volatih* acids an* dis- 
M)lvt'd in alcohol and titrated with 0.1 X alkali. Th(* Poh*nske uumlx*r 
may, therefore, lx* d(*fin(*d as the numlM‘r of cubic centimeters of 0.1 A 
alkali recpiin*!! to neutralize* the volatih* insoluble fatty acids distilled 
from 5 giams of saponifit*d and acidified fat. 

The Reichert-Meissl and Polenske numlM*rs, as indieat(*d above*, an* of 
value in testing for th(* adulteration of butt(*r. Tin* following table 
shows how' three difTen*nt fats eomj)are with r(*gard to tla*se numlK*rs: 


Butterfat 
Poeoiiniit oil 
liurd 


Ii('iehert-Meissl Polenske 

NiirnlxT Xumher 


Sum 


17 0 .^{4 r, 
C) f) 7 5 
0.35 


1 r> li 0 18 7x^37.5 

Hi 8-17 8 2;r4-2r) 3 

0 5 0 85 


Thus it ean lx* seen that butterfat has a high R(*ichert-Meissl number 
and a low* Polenskt* numlx»r. Although cocoanut oil has alK)ut tin* same 
amount of total volatih* fatty acid as butterfat, the* gr(*ater proportion 
is in the insoluble fatty acid fraction. The quantity of volatile fatty 
acids in lard is small. 
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Physiological Importance of Fats and Oils. The fats and oils are of 
imfxirtance in plants and animals lieeause they are a means of storing 
energy. In the animal IkkI.v, fats are stored in fatty tissues which, 
except for thc» water present, are almost ])ure fat. Fats give about two 
and one-fourth times as mueh energy- us carbohydrates or proteins. 
The storage of fat, therc»fore, is the most (economical way, as far as 
weight is conceriu d, for the l>ody to maintain a reserve c*nergy supply. 

Fat is a poor conductor of heat; h(‘nce, when stoned under the skin, 
it s<M ves to pr(‘A’ent lossi's of heat from the body. 

In Chapter XIII more will Im^ said conc(‘ming the metabolism of lipids 
in th(» animal b<Kly. 

Waxes 

Like the hits an<l oils, I hi* \\ax(‘s ar(» est(‘rs but differ from them chi'nii- 
cally in that a loiig-chaiii alcohol or sterol r(‘plac(‘s the* glycerol. The 
followingar(* a lew of the common alcohols and acids found in wax(*s: 


Ai 

.COHO IS 
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(VJLo.-.oiF 

Alyrisl ('i^Ho-C'OOlI 

(Vtyi 
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In m<»st wa\(’s the alcoht)! is ji long-chain monohydric alcohol, but 
in some it is a dihydric aleoh(»l or sterol. ('hohMi'i-ol (\st(‘rs, which ar(‘ 
wax(\s, are found in the blood. Waxes are also found in certain insert 
s(*en'ti« ms. 

Waxes are much mon‘ difficult to sap(»nify than fats. Although long 
iHHlingw'ith alcoholic KOI! will hringabont saponification, they are more 
I'iusily saponilieil by treating a solution (»f the wax in jx'troleuni (*ther with 
absolute' ah'ohol and metallic .sodium. Thi' sodium ivacts with the 
alcohol t(» form sodium etliylate, which is tlu' saponih ing ag('nt. 

Common Waxes. Spermaceti, a typical wa.\ found in th(' head of the 
s|X'rm whale, is the cetyl «'st(»r of palmitii* acid and has the following 
formula: 

(> 

Ci.5H,3i('' 0-('Hdl33 

C>t>l p:ilTiiitato 

Spermaceti is usc»d in making candles. 
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Sperm oil is a liquid wax which <KTurs with spermaceti in the sperm 
whale. It is a valuable lubricant us(»d for delicate iustruinents^ such as 
watchcss. It does not l)ecoino gummy, as many oils do. Beeswax is 
composed mainly of myricyl palmitate. Camauba wax is found on the 
loaves of the carnauba palm of ]h*azil aiul is used in the manufactim^ of 
various wax polishes. B(H*aus(‘ wax(‘s an* \\*ry inert clu*mically, thej^ 
make an excellent prot(*ctiv(* coating. 

Lanolin or w’ool wax i,s obtaiiunl from wo<»l and i.'^ us(h 1 in making oint¬ 
ments and salves. It readily forms an (*iiiulsion with \\al(*r, and for this 
rciisoii drugs which an* soluble in \\atc‘r can b(* incorpc»rat(*d into sah’cs. 

Chinese wax is tlu* scTi-ction of an in>ect. 'fhe cholesterol esters 
found in the blood an* imj)ortant waxt's. 

Physiological Importance. ('onccTiiing tlu* physiologiral significance 
of wax(‘s it may b(‘ said that tluar most important I unction is as a pr(»l(‘c- 
tiv(‘ agent on tla* surfaces of animals and j)lants. 'flay arc* found on the 
surface of fc*ath(‘rs and hair, \\hi(*h tiny lu‘lp to kec'j) sob end pliable*. 
Tluy prevent acjuatic animals from !M‘C(miing w<‘l. On »M>Tuing out of 
the walc'r, a duck or muskrat will shake hinist lf onee and is apparently 
dry. A dog under similar eir<*umstanc<‘s will ic'iuain w'(*t lor some time. 

Th(‘ wa.xy coating on tin* surface* of j)lants j)iolects tla‘in from exces¬ 
sive loss of moisture. Desert ])lants, sueh as the palm and <*aetus, can 
live* for long p<*rio<ls without rain. It alsc^ prot(M*is the plant from becom¬ 
ing infect(‘d with liingi and bactc‘ria wbieli cause disease*. Many fruits, 
such as aj)ple‘s and citrus fruits, have* a waxy eov»*ring wliieh prewTnts 
the»m from drying out and make*s it posMble* to ston* 1bt*m for l(»ng ]M*riods 
of time. The* waxy eove‘ring aDo ]>ro1e*<*l'> nucIi fruits freun organisms 
which cause rot. In pie*king and handling fruits w hie h are to be ke*pf for 
any k'ligth of time gr(*at (*are* should be* take*n to protect the* waxy sur¬ 
face*. Jf this surface* is hroke»n, an avenue* e>f e‘ii1 ranee* is proviele*el lor rot- 
producing (irganisms. 

The Phospholipids 

The phospholipids or phosphatides are* a group of eompeamels founel 
in every living ce*ll. They may Ik* ele*tine*el as lijiids which yield on 
hydrolysis an alcediol, fatty acid, ])he>sp|ioric iwid, aiiei a nitre)ge‘n base. 
Thre'e tyixvs of phospholi])ids, which dilTe*r frean c'ach otlie*r in the* nitro¬ 
gen base j)res(*nt, are r(*cognizetl. 'ilM*y are* ( 1 ) lecithins, which (*ontain 
choline, (2) cephalins, which e*emtain hydroxye'lhylamine*, and d) 
sphingomyelins, which contain e*holiiie and sphingeisineil. 

In our study e)f carbe)hydratc*s it was pointe*d e)ut that, before* lx*ing 
ust*d by the bexly, the monosacediaricles are first (*ombine‘d with phos¬ 
phoric acid. Since the phospholipids are found in the* Ixxly in grc*ate8t 
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abundance in thone tinsuefl which are most active, it has been suggested 
that, fxjforo fats can bcj utilized by the Inxly, they mast first be converted 
into phospholipids. The presc*n(je of II 3 P 04 in the molecule may convert 
a relativ(‘ly inactive fat molecule into one which is more reactive chemi¬ 
cally and then‘fore more easily metalK)lized by th(‘ body. 

Lecithins. lx*st-known (‘xainplci.s of phospholipids are the leci¬ 

thins, whi(*h arc^ found in yolk and the brain. Very possibly the 
lecithin of c^gg yolk has the following formula: 

() 
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Thus (‘gg Us’ithin is the stearic, oleic, phosplioric acid (‘ster of glycerol 
in which choline, the nitr<»gcn-containing compound, is in (\stcr fonnation 
with one of th(‘ iwid hydrogens of th(‘ phosphoric acid. OtluT h'cithins 
may dilfer from this oiu» by having <lifTen*nt fatty acids in Ihi' molecule 
or by tin* point of substitution of the phosphoric iwid in tiu* molecule. Jf 
tlu^ phosphori<* acid is ti<‘d to the end carbon of glyc<‘rol, the compound is 
calletl an alpha-lecithin; if it is tii^l to the central carbon atom, it is 
calk'd a beta-lecithin. Another very intt'resting type of krithin is calk'd 
lysolecithin. This is a k'cithin in which the unsaturated fatty acid has 
Ix'cn H'lnovt'd by hydrolysis. Lysolecithin, wh(*n introducc'd into the 
blood, causes a disintegration of the rt'd bkxKl cc^lIs known as hemolysis. 
C.Vrlain snake venoms contain an enzyme capable of converting lecithin 
into lysoknathin, ainl at least part of the toxi<*ity of a .snake bite may Ih' 
due to ht*molysis caus«»d by lysok*cithin. Snak(' venom also has a toxic 
effect on the' nervous syste'in. 

I^H'ithins ai-c' inseiluble in water but have* a strong iiifinity for it, 
it'iulily forming emulsions. It is pos.sible that this affinity for water 
makes k'cithin such an imjiortant constituent of protoplasm. One 
function attribut<Hl to lecithin is that it aids in the organization of the 
cell structuiv. 

Commen'ially lecithin is pn'pait'd from soyla'ans and has several 
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important uses. Added to the chocolate used in making candy, it pro- 
vt‘iits the formation of white spots on the surface of choi'olate eit^ams. 
As a constituent of oleomargarine it gives this pixxluot a consistency 
similar to that of butter. Addi^l to ethyl gasohn(% it inhibits corrosion 
of storage tanks due to lead. 

Choline. ( holine may lie looked upon as a derivative' of NII 4 OII in 
\\hich one II is leplaced by the hydimyethyl group luid thn»e othei's by 
methyl gioups. Its chemical name thc'n iM'comes hydroxyethyltri- 
inethyl ammonium hydroxide'. 

ClhClhOll 

/'Ha 

X Clh 

OH 

C'hohnt* 

('holine has been kno^^'n for a long time, but it is onl^' wiOiin the ptist 
few years that its jihysiologieal significaiuM' has U'cm apprc'ciatc'd. It 
now ai)p('ars to be e^s(‘ntial in ordt'i* that e('rtain physiol(>gical proeessi'^i 
may procml normally. In fact, if choline is (^liminati'd from the* diet, 
definite pathological conditions mav arise*. Some* jic'rsems eemsidcr 
e’holine to t)o a vitamin, but othe*rs obje*ct to this <‘lassifi(*ation, U'cause^ 
the body appears to be able* to synthe'size* edioline*, proviele'd c(*rfain pre¬ 
cursors are available. Among the* symjitoms n'sulting from a de'ficie'ncy 
e)f choline in the* diet are the* d(*ve*loj)me*nt of fatty livers Jind hemorrhage 
of the kidney in rats and perosis eir slij)jH*d t(*ndon in chicks. In iM*rosis 
the* hf)ck jeiint eif the* chie*k tails te) <l(‘velop normally, the te*nde)n slips 
out of plae*e', and the e*hick is unable to stand on his feH*t. 

A de'rivative eif cheiline* known eis acetylcholine is imiKirtant in that it is 
Ix>lioved to lx* involve*d in the .stimulation e)f eirgans by nt'rves. Aee^tyl- 

0 

CH 2(^11. 0 V—CIIa 

I 

NVidia):! 

I 

OH 

Acetylcholine 

choline is 100 ,()(K) time's more n*aetive in this n*spe'ct than chedine. The 
part of a ner\’e at taeht*d tej a masele filx'r is calk'd t he* e'nd eirgan. When 
a nerve is .stimulated, the end organ fe^nns and se*crete*s into the muscle 
fiber acetylcholine, which stimulates the muscle. 
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There iff an enzyme in the inuselc which hydrolyzes acetylcholine to 
acetic acid and choline. Since choline is much less active than acetyl¬ 
choline, the stimulation lasts only for a short time or until acetylcholine 
is roinov(Hl by hydroly.^is. 

Choline i^ n‘late(l cheini<‘all3^ to some other interesting compounds, 
the n^lationships IxMng indicatf^ thus: 

N={CII,)3 

on CholliH- 

II 

\ ^ 

on 

Betaine is found in niola.ssc's from sugar Ix^ets and is not toxic. Neu- 
rine is a |f)\i<* l)as(‘, being about 20 times more toxic* than eholine. 

Muscarine, a eompouud n‘lated to eholine*, is responsible* for the 
toxicity ot certain muslnooins It gets its naiiH* from the faet that it is 
found in AnaunUt nnisntritt, one* of tin* most deiwlly of poisonous mush¬ 
rooms. It has tlu* tollovving tormula: 

() 

r n 
I 

('H CHOU -cno CH3 

I 

N-(CI 1 .,).< 

1 

on 

Muacliriric 

Cephalins. ('('phalins art* found in all tissue's of the Ixidy but are 
esjM*cially promin(‘nt in the brain, from \\hich faet the* name is derived. 
In chc'inical structun* th(\v reM'inble the lecithins closely, the difference 
Ix'ing that hydroxyethylamine (IKX’Ilgt 112X112) n*phices choline. In 
somect*phaliiis tlu*amino acid seriiu* (IKXMl2('TI Xn2 ('()()H) replaces 
hydroxyc'thylamine. As in the kvithins, two fatty acids are pn*sent in 
the mok'cule, usually one saturatcnl and the other unsaturatwl. Also 
thert' are alpha- and iM'ta-cephaliiis. The following is the formula for a 
eephaliit: 
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H—C —()—'( --C'lTlIaa 
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II 

H—CW)- P -() A U y-Vlh- NHa 
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«“CepIiaiin 


Sphingomyelin. This ph(>s]>lu)lipi(l wjus first isolatcM] from the* brain 
by Thudirhuin, an early investigator of brain elu*inistry. It difl'ers 
(‘heinieally from h^eitliins and e(‘j)lialins in two imporfant r(*sp(*ets: 
(I ) in j)Iiiee of glyetMol its iiueaais is sphingosinol, a dib.vdrie amino 
aleoliol with one double Ixrnd; (2) it contains on(» niuh^cule of fatty acid, 
usually lignoceric, tied to the amino group rath(‘r than Ix^ing in (’ster 
tormation with an alcohol group of sphingosinol. Phosphoric acid and 
choline an' pr(\s(‘nt, link('d to sj^hingosinol through an alcohol group. 
The structure of sphingomyelin is .*is follows: 


I 

(Cl la),2 

I 

II 


(' - H 
II () 


III C N—C- (CII-jIm-CIIs 

r? I LiKnnceno anil 

11 c on 

o 

H-C--()--P -0--Cn2-CH2- X=(CIl3)3 


H 


on 


SpiunKoriiyfiiti 


OH 

Choi j no 


As w'as true of the lecithins and cephalins, several sphingomyelins may 
exist, differing in the fatty acid present or th<‘ OH group of sphingoninol 
w'}ii(*h the phosphoric arid replaces. 
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The Glycolipids 


The glycolipidSi often ealied the cerebrosides, are compounds found 
especially in the brain and nervoas tissue, which jneld on hydrolysis a 
fatty ac;id, sphingosinol, and a sugar, usually galactose. In structure 
they res(jmble the glucoHi(l(\s, being glucosidic derivatives of galactose. 
The most familiar n*pres(‘ntativ(\s of the glycolipids are phrenosin and 
kerasin. Phn^nosin yields on hydnilysis galactose, sphingosinol, and 
a long-chain hy<lroxy acid callc‘d phrenosinic acid. Kerasin has ligno- 
ceric acid in the molecule as the fatty acid. The presence of galactose 
in the glycolipids sugg<\sts the iiii|M)rtanc(‘ of milk sugar in the diet of 
infants and childr<*n during the development of th(‘ brain and nervous 
system. 

,-, (llaOH 
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The Sterols 

Of the derivc*d lipids, the only group which has not been discussed is 
the sterols. 

The word sterol means solid alcohol. Although the straight-chain 
alcohols of high molecular eight which are found in the common waxes 
are sometimes incliidixl among the stemls, it is more asual to include only 
cyclic alcohols which are derivative's of a cye'lic hydrocarl)on called cyclo- 
pe'iitanophonanthri'iie. The numbers in the formula on p. 115 indicate 
positions in the molecule and facilitate the nuTning of dc'rivatives. 

There are many types of sterols, the mexst important of vrhich are 
(1) the sterols projx'r, (2') the bile acids, Cl) the genins, (4) the sex hor¬ 
mones, and (5) vitamin I). 

Sterols Proper. The most common sterol is cholesterol, w^hich is 
found in the bile and is a common constituent of gallstones. Choles- 
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terol is also present in the liiain and nervous tissue aiid m fa(‘t is said 
to Ik* an essential constituent of all living; animal colls. The chemical 
lomiula for cholesterol, as gueii h\ Windaus, is: 


CU, CII, CII- 

/ Wx 



(’II-CII, 

I 

CH. 


CH, 


j:!!, 

CII-CII, 


CII, 


Thus it can lx* seen that (holest(‘iol is a partly reduced cyclop<»ntano- 
phenanthrene with om* double bind, erne OH group, and thrw side 
chains attached to it The \aiious st(‘iols diffei from one another in 
the nature of the side chains and in the* numlKM and positions of the 
double bonds and OH groups. Two leacdions of cholesterol which are 
important and which are used in its detennination ai(‘, first, that it forms 
an insoluble compound with the* glucosidc* digitonin call<‘d digitonin- 
cholesterol; and second, that, when in chlorolomi .solution and treated 
with acetic anhydride and 112^04, it pves a blue-gn*c*n color. Coproa- 
terol is found m the feces and is a reducc'd cholesterol. It differs from 
cholesterol in that it has no double bond. 

The sterols found in plants are called phytosterols. Ergosterol, a 
common phytosterol, derives its name from the fact that it was first 
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found in th(i orgot. It is of s|w^(*ial interest because it has been 

shown to Ix* cIos<‘Iy related to vitamin D. It has the following formula: 

H 

I 

c -rih 
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(‘-H 

il 

('- H 
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(• (II3 
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r v\h 
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(ih 

Krgost<*rol <li(Ters iioin ehoh‘sl<‘rol in tliat it has two more double 
iKmds, one in lh<' ring and one in the side chain. It also has an extra 
methyl group in the si<l(‘ rhain. 

Bile Acids. 1'he bill* a<‘i<ls an* fouial in the bile in the form of salts 
known as (he bile salts. Thc*y are very important const it U(‘nts of the 
liile lM‘<*aiis<*, a.*' will Im* sh<»wn lal(*r, tln*v ai<l in tla* digc’stion and absorp¬ 
tion of fats, Hiere an* two important bile aci<ls, glycocholic acid and 
taurocholic acid, w'hi(*h are (sunbinations of th(* sterol cholic acid with 
glycine and taurine, res|M‘ctively. 
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Genins. The genins are important sU-roLs found in certain glucosides, 
where they fonn the aglueone portion of the molecule. Perhaps the best 
examples of this gnmp of glueosiiles an- found in the digitalis glueixsides, 
which art* used in nuxlicine iis heart stimulants. Digitoxigt'nin, one of 
the genias found in digitalis, has the following formula: 

('H- <> 

a: II 1 

('- ('II 2 - t’:=0 


\/ '*/ 

i>iKit»VRomn 

TIu" (‘hoinicjil strurturo of I ho sox horinoiit^s and vitanhi. I), the other 
two ftroujis of storols, will lx* disraissod in < ‘haptiMs XIX a ir' XX. 

Essential Oils 

'Fho essential oils are not lipids in th(‘ ohotnical sense* but are (xlorifer- 
ous sul)stano<‘s wliich may he distillixl from llow(‘rs and oth(T parts of 
plants and have many of I la* physical j)roj)(‘rti(‘s of oils. Tla\v are a 
j!:roup of hotoroseneous compounds, found <*sp(»cially in ))lants, which 
may lx* exlract(*d with ether and ^^hich form a temjiorary >»r(‘ase sfuit on 
])aiK'r. They an* volatile aiol burn. Th<*v aiv use<l in the maimfaetim* 
of ])(*rflimes and fhu'oriiift (‘xt raets and jis druKs. 

Chemically the essi*ntial oils oan Ik* olassifa'd into four Krouj>s, namely, 
the esters, aldehydes, ethers, and terpenes. Oil of wintorp:rc‘en is an 
est(*r; it is the m(*thyl ester of salieylie acid. Oil of hitt(*r almonds and 
oil of cinnamon are aldehydes, the former lK*inp; Ix-nzaldehyde and the 
latter cinnamic aldehyde. An example of an ether vliicli is an (*s.s('ntial 
oil is oil of cloves, wliose main eonstitu(*nt is eu|?(‘nol, the nionomelhyl 
ether of dihydroxyphenjd prop(*iM\ 

0112 (U-CU2 

OH 

KuRenol 

Among the c&sential oils which are (•la*«ed an f crpene.'i are oil of geranium, 
oil of lemon, menthol, and camphor. 
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REVIEW QUESTIONS 

1 . What are lipids? 

S« Classify lipids and characit^rizr each (‘lass. 

8 « Name four classics of fat ty acidh (jii vc examples of each class. 

4 * Chvo a proof fur the {Kmition of the double lx>n(l in o 1(M(* aeid 
5. What iH meant by geometric isomeriHin? What other types of isomensm may 
exist in fatty acids? 

8 « What is the diff<jrenc<» we(‘n luird and soft soa])s'^ 

7. Wliat iH (rardinol? What an* its a(lvantag(*s compar(‘d to .soap? 

8 . Write the formula for glycerol Nanu* and write thi* formulas for some of its 
oxidation produt Is 

What IS acrolcMn? How is it mad(* fnun glvc(*rol? 

10 * Wnto the formula for a fat. How do fats differ from oils? 

11 . What IS the diffen*nc<‘ liet w(s*n a sirnph* and a nii\(‘d glyceride? 

12 . I>i8cuss ariiinal fats 

18 . Wliat IS oleomargarine? How (Um*s it coiiipsire with buttei in fcHid value'? 

14 . NanK' thnn* classi's of vegetable oils (Jive* several (*\ainple.s of each class 
16 * Discuss the hydrog(*fiat ion of oils How and w hv is it dom*? 

16 . Discums tin* chemistr, .nvolv(‘d in the drying of oils 

17 . What IS lM)ih*d linse^'d oil'* Should it In* us(‘d internally? 

18 . Distinguish lK*tw(s*ii the old and tin* ii(*w proerss for making linsf»ed oil 

19 . Name .sc'veral ways of h>drolv/ing a fat 

20 . Wnte an (Mpiation showing what hap{M*ns when a fat is sa])onifi(*d with XaOH 

21 . What iM Ijpasi*^ 

22 . Distinguish lK*tw(H*n hvdiolytic and oxidativt* raiuidity What is the ch(*mis* 
try involvc*d in each tyjs*? 

28 . What I.S meant by tlu* induction )N*tiod of a iat? 

24 . What IS an antioxidant? Nana* si'veral 
20 . What Is llu* Kreis l<*,sl‘^ 

26 . How may fatty acids be sejiarated into four groups? 

27 . Name «'V(*ral physical constants of fats 

28 . Define and .state* the sigmficaiHs* of the following chemical con.stant.s of fats 
(1) saponification numl)t*r, (2) ac*id rmmlM*r, »d) c‘stc*T number, (4) acetj-l number, 
(6) iodine numU'r, tfi) unsjiiKimtiable mattei, (7) Heichert-Mei.ssl mimlK*r, (8) Polen- 
ske numU*r. 

29 . IhscuHS tlM' phy.siolgi(‘al imfiortams' of fats 'uid oils 

80 . Discuss the physiologi<*al imiHirtanct* of waves Indicate how* a wax diff«*r.s 
fniin a fat in chomical structun» 

81 . Name tlm'o tyjs's of phospholipids and indicati* tlu* chi'inic'al structure of each 

82 . How' do alpha-leeithin, lH'ta-h»( ithin, and lysolt*eithin differ from each other’ 
88 . Name st'veral ust*s of lecithin. 

84 . How d<H*a snake venom hemolyze blcMul’ 

86. Wnte tlu* formulas for choline and acetylcholine What are their function.s 
in the IxKly? 

86. What 18 muscarine? 

87 . IndicaU* the chemical stnicture of a glyeolipid 

88 . Name five ty|H*s of eoinjunmds of biological importance which are sterols. 

89 . What 18 th(* hydrocarlxiii from which .sterols are denved? 

40 . Indicate the chemical stnicture of choh^sUTol and ergosterol. 

41 . Name and indicate the chemical structure of the bile acids. 
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48 . Name four types of rhemical (‘ompounds which are found in the essential oils. 
43 . Why is it incorrect to classify essential oils as hpids? 
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PROTEINS 


Protoplasm is usually considcTt^d as c*()nipos('d primarily of 

proti'in. For this rcusoii if is a tpinptalion to say that prot(‘iiis are the 
most important compounds wc hav(‘ to (‘onsidcr in our study of the 
chemistry of life. Ilo\\<‘vcr, when we r<*menil>«T that c(‘rtain carbo- 
hydnites and lipids (*n1er infimaf<‘ly into tlu‘ (‘h(‘inical structure of 
]>r<»topiasiii and an^ un<louhte<lly (‘sstmtial coinpon(*nfs of it, it is perhaps 
inciirrect to state that one vital constitui*nt is more iiniiortant than 
unotlH*!'. 

From the standpoint of aniinaU, how(‘V(‘r, ])rotcMn.s hit more important 
to life than carl>ohydrat<*s and lipids, lu^caiise animals are unable to form 
new protoplasm unles.s protein is pres<‘nt in the* fo(xl. Hants are able to 
H>nth<*si2<‘ all tlu‘ compounds which nuike up th(‘ir ti.ssues by the process 
of jihotosynthesis, l)Ut animals must dep(‘iul upon plants for th(Mr build¬ 
ing materials. It is at least theoretically possil>l(‘ foi an animal to live 
on prot(Mn alone (plus miiu'ial .salts ami vitamins), but it is imp()S.sible 
for an animal to live on carbohydrati* or lipid or both without protiMii. 
Thus proti‘ins s(M*m to hav<* a uui(|iu* function in th(‘ (‘conomv of animal 
life. 

The most ('haracteristic thin^ about thi‘ composition of proUmis is 
that all contain nitroa<*n in combination with <arl>on, hydroj^en, and 
oxyi;en. Many proteins contain sulfur ami phosphorus. Some contain 
iron, cop|M»r, man>!:am*.se, or io<iine. 

Proteins are extrtanely complicatfsl compounds, 'riiey are iniule up 
of many sim))l(‘ molecules callisi amino acids. If a protein is boihnl 
W'ith till a<*id, it W'ill hydrolyze to form amino m-ids. In this resjH^ct pro- 
t<Mns resianbh* tlu' polysac<*haride.s of the carbohydrates. It will b(‘ 
ix'called that the jioly.saccharitles are hy<lrol\,z(*d by acid to form mono¬ 
saccharides or simple sugars. The simple sugars an* to carbohydrate 
<*heinisfry what the amino acids are to protein chemistry. In .studying 
earI)ohydrat(' <'h*»mistry we learned that only four hexo.s<' mono.sac- 
charides commonly occur in nature. .Many of the ]>olysaccharides givi‘ 
only one monosai'charidt^ on hydn^lysis. 'I'liis facd gn^atly simplifies tlu' 
study of carbohydrate' chi'inistry. When \\t consieler the* amino iu*ids 
found in proteins, we find aliout twt'nty amino acids commonly present, 
and a single protein may yield some' of eai^h of these' amino acids on 

120 



AMINO ACIDS 


121 


hydrolysis. It bas been estimated that a single protein molecule con¬ 
tains in the neighlxjrlKXKl of 280 amino acids. It is thus e\ id(»nt that 
proteins aie very compk^x in their structiiri\ 

Amino Acids. Let us fiivi eoihsider tlu* structiiiv of an ammo 
acid. An amino acid i.s an (ordinary organie av'id A\'hich has an 
NH 2 group in the molecult*. For example, propionic acid has the 
formula ('H 3 ('ll 2 (' 0 ()If. 'Flie amino acid derived from it is 
('II^C'HC'OOH. It is called a-aminopropionic acid or alanine. In 
1 

XII 2 

naming acid derivative's it ^^ill !k' n'calknl that tlu' carbon lU'Xt to tlc' 
carboxyl group is calk'd the alpha {a ) (‘arbon atom. Th<' si'cond <*arboii 
atom from the carboxyl group is Iw'tu (/d), the third gamma ( 7 ), the 
fourth delta (3), the fifth (‘psiloii (€i, (‘tc. 

Sinc(' proti'ins art' ('ss(‘ntial in nutrition, it is extremely im))oriant 
that a student become familiar with the amino acids of which proteins 
an' composed. The amino acids hav(‘ Ix-en calli'd tlu' alphabi't of 
prott'in chemistry. Since tme is continually lu'aring or iiiuling about 
tlu'iii, it is tiiiK' wi'll spi'iit to Ih'coiiu' llioroughly familiar with their 
names and formulas. 

The follow’ing an* tin* (*oininoii<iinino ai'ids lound in protc'in: 

1 . Aliphatic, monoamino, monocarboxylic acids. 

1. (Jlycine <>r aiiinmacctK' acid. 

riii—(’ooli 

I 

NH. 

2 . Alanine - a-amin<>pn)j)ioiiic acid. 

(^II, -('H t oon 

Nila 

:i. Valine — tt-ainino-zS-incthylbiityrii* a» i(l. 

-(Mi-('OOII 

(’IL Mli 

t. Leucine - c»-ainino-7-iiiethylYaleri<‘ acid. 

nh-cu -cnou 

j 

Clh NH2 

.5. Isoleucine — rt-ainino-d-aa'tliylvalerk* acid. 

riL—C^II>--( H -('II -(M)Ol{ 


(’Hi NH 
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6. Serine — a-amino-/3-hydroxypropiomc acid. 
CHt-€H-€OOH 

1 I 

OH NHi 

7. Thretiiiino — ar-aniin()-/3-hydroxy-n-butyric acid. 
CH3-<4I-CH-C00II 

OH XHi 

«S. ('v»toine - a-ainino-j^-thiol propionic acid 

CH2 -(n-coon 

1 I 

SH NHi 

9. (Cystine — di (a-amino-/3-thiolpn)pionic acirl). 

CHj-CII-COOH 

1 I 

S NHa 

I 

S NH^ 

I I 

CHs-^ H -OOOH 

10. Mcthioiiino — a-aniino-7-methylthiolbutvric acid. 
CH 2 -CIl2-( H-(XK)H 

I I 

S Ml, 

1 

CH, 

n« Monoamino, dicarboxylic acids. 

1. A.sparti(* acid — amino.succinic acid. 

C'OOH 

I 

H-C'-NII, 

I 

CHs 

I 

COOH 

2. Glutamic acid — a-uininoKlutaric acid. 

COOH 

I 

H-C-NH, 

I 

CH, 

I 

CH, 


COOH 
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3. Hydroxyglutamic acid — or-amiof^^hydroxyglutaric acid 
COOH 

I 

H—C—Hi 

I 

H—C-OH 

I 

CHi 

I 

COOH 



2 . Tyrosine — a-ainino-/3-parahydr()xyphenylpn)pionir and. 
CH-COOH 



IV. Heterocyclic amino acids. 

1. Tryptophane — a-aniino-/3-indolepn)pionic acid. 


2. Proline — a-pyrrolidinecarlx>xylic acid. 
CH2~CH2 

I I 

CH2 c-cooh 

NH H 


3. Hydroxyproline — y-hydroxy-a-pyrrolidinecarboxylic acid 
HOCH—CH» 


CHa C-COOH 

\ /\ 

NH H 
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4 . Ilistkline — a-amino-^-iinidazolepropionic acid. 
-<'II -CH>OH 

I ! 

nc-c NH2 


HN N 

\/ 

CII 


V. DUuninOi monocarboxylic acids. 

L AfKinino ^^-amino-S-^iianidinoviikTic acid. 
( Ih -(’II2 -CU> (‘II C‘()()I 1 

t 

Nn Mis 

I 

(' NI! 


2. Lysine — nr, «-diuiniii )cjiproi<* acM. 
C1I. (‘IIj -(‘IL (H. CII (‘OOll 


MIv NIL. 

This list of twenty-one jirnino {leid.s inelndc's all th(» important amino 
acids found in tiu' coinmon protedns. It should he inentioni*d, how(‘vor, 
that thi.s is not a eoniplete list of all the known amino acids which hav<' 
he(‘n isolatcMl from proteins. A compl(*te list would hrin^ the total 
iminlMM' up to about thirty. 

It will 1m* noted from the formulas that all the ammo acids listi'd are 
alpha-amino acids. Where thta-e is mor(‘ than one amino ji,roiip, one is in 
the alpha-position. If our list of known amino acids wt'n* complide, it 
w’ouUl 1 m’ found that all tlu* known naturally occ urring amino acids are 
alpha <»\cept (»ne. The exception is d-alaniiie (lIjNC/ll2('HjCOt )II). 
Whc‘tlu*r d-jdanine occurs as such in pro!('in or is d(*riv(‘d from as[)artic 
acid hy thi' n'lnoval of (HV, from the carho.xyl group lu'xt to the amino 
group is unci'i tain. 

Strictly sp('aking, not all the amino acids li.stc'd are amino acids. Pro- 
line and hydr<»\yproline an* really imino acids, sinct* tlu'y contain NH 
groups instc'ad of NII2 groups. How(*ver, tlu'y an* usually clas.sifi(*d as 
amino acids. 

It will he not(Ml from the formulas that all th(* amino acids list('d except 
glyciiM' contain an iisymnu'tric carhon atom and then*fon* should l>o 
optically active* and should ('xi.st in tlu* dextro and levo forms. In most 
amino acids the only iisymmetric carhon atom is the alpha-carbon atom 
to which the amino gremp is attjurhed. In several of the amino acids, 
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namely, isoU‘Ucine, threonine, hy<lrt)xygliitiunio acid, and hydn>xyproline 
rliore art‘ two iisymmetric carbons and therefore more than two optical 
isomers are possible. 

As was true of the carbohydrates, the designation d or I iK'foiv the name 
of an amino acid does not refer to it's a(‘tual rotation but rather to its 
relationship to the ilextro or levo family of siipii-s. In order to indicate 
th(‘ rotation of an amino acid the M^n ( +) or (~ ) is placcxl lH‘fore its 
name, thus: /( — )-phenylalanin(‘. In writing formulas d may Ih* desi^. 
riated by placing the NIIo group to tlu' right and / by placing it to the left 
of the alpha-carbon atom. Most of the naturally occurring ammo jw'ids 
bidong to the / family and an^ hwoi - /rotatory; however, scwtTal are 
{ l(*xt n > (+) rot at < iry. 

All the amino acids list(‘d have a common and a syst<*matic name, 
'fhe common nam(*s art‘ the ones g<MMTally ustnl; laaice ihey should be 
learned. If the corresponding M'st(‘matic name is learned, the fonnula 
may lie eiisily r('prtMiu(‘(‘d, provultHl simple organii* nomi'nclature is 
undeistcM k1 . 

PuKPAUATiox OF Amino A(’ii)s. At th(‘ pr(‘s<*nt tim(‘ much intiatist is 
l)(‘ing shown in tli(‘ iinjiortanc** (»t various amino acids in nutrition. In 
order that such studi(*s may Im‘ imwle it is ol)vi(His that a supply of the 
amino acids to be inv(‘stigat(Ml must l)e avadabh*. "rh(*re ari‘ two general 
methods us(h1 to ol)tain amino acids. ()m* is hydrolysis of protein and 
th<^ other is orgaiii<‘ synthesis. 

Th(‘ simplest way to obtain an amino acid is to hydrolyze a |)rotein 
rich in the* desired amino acid and then by suitable* means pn'cipitate it. 
For exampl(‘, cvstiiu* may be* obtaiiuMl by hyelrolyzing hair with 20 per 
cent Hd. When the* hydrolyze*d mixture is iu‘utraiiz<*d to the pro|H‘r 
/dl t4.7), th(‘ cystine crystallizes out (Ui standing and may iw* se'paratcd 
l)y filtration. 

^lany chemical methods have Iweii usimI to synthe*siz<* amino acids. 
Some are simple*, and otluas (piite complex, thily one nudhod will be 
UH'ntioned he're*, namely, that (»f tn*ating the* monochlor derivative of an 
acid with ammonia, (llyciiu* may Im* j)r(*pared by trc‘ating chloracctic 
acki with ammonia, thus: 

(dl^Cl + NH3--(dI,XH2 + IICl 

1 I 

com (’ooH 

Chloracot ic f tl.vriiip 

find 

Chemical Properties of Ami.no Acids. AmphoUric PropertieH. 
The carboxyl Kroiip is characteristic of organic acids anil the NH 2 group 
of oiganic bases. Simr amino acids have both groups in the molecule, 
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^ley would be expected to form salts with both acids and bases. Ckun- 
pounds which have both acidic and basic properties are said to be 
aa^hoterk. Monoaminomonocarboxylic acids in solution are neutral to 
litmus. Monoaminodicarboxylic acids in .solution are acid, and diami- 
nomonooarlxixylic acids in solution arc alkaline, to litmus. If glycine 
is treated with acid and with base, the following reactions take place: 



C-0 + HjO 
\ 

ONa Sodium gljcloate 


These reactionn exemplify the amphotcTie propcTties of an amino arid. 

Zwitterions. In the preceding section it, was stated that a solution of 
an amino acid such as glycine is neutral. This fact might be explained on 
the assumption that tlu* mol(Tulc has not ionized either as an acid or as 
a base. Or it might be assumc^l that the conifiound has ionized equally 
aa an acid and as a base. Still another explanation is that the basic 
amino group has neutralizt‘d the arid carboxyl group to form an inner 
salt which is neutral. If this salt should ionize^ as salts do in solution, a 
molecule positive at one end and negative at the other would result, thus: 


CH 2 NH 2 


Cn2NH3 


0 


\ 

0 0 


/■ 

(’ on 

c 


( 

Cilyoin« 


Inner Salt 



(^H 2 NH 3 ^ 

O 

Zwittenon 


Such an ion is calk'd a zwitterion. Accoitiing to the zwitterion hypothe¬ 
sis, whole protein molecules form zwitterions as well as amino acids. 
Zwitterions exist at the isoelectric jwint of the compound from which 
they are formed. The reaction of a zwitterion with an acid and a base 
may be represented thus: 


CII,NH,+ cr 
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Beodion with Nitrous Acid. A vary important reaction of aminn 
acids is that with nitrous acid (HNOj). Any compound containing a 
primary amino group will react with HNO2 to form an alcohol free 
nitrogen, and water. Glycine reacts thus; 


(’H2-NH2 + (>=N—()H 

1 

C'OOH 


rH 20 H + N2 + H2O 
I 

C'OOH 


Glyoipe 


lly(lrux>*ftoeiie aeid 


Van Slyke has devoloped an apparatiLs for measuring tlie volume of 
nitrogen evolved in this reaction. Since one-half the nitrogtm conies 
from amino groups, the Van Slyke apparatus is used for determining 
the amount of amino nitrogcm in a solution. This method has been of 
great value in stud^’ing jirotein chemistry. 

Sorensen Titration. If an amino acid solution is treated with a 
neutral formaldehyde solution, the amino group reacts, forming a 
methylene compound which is no longer basic. The carboxyl gniup 
may then lie titrated with standard alkali. The amount of alkali 
required indicates tlu* amount of carlnixyl present. This method of 
determining carboxyl groups in an amino aeid solution is known as the 
Sorensen titration. The following equation represimts the reaction of 
an amino acid with fonnaUh'hyde: 


CH2-NH2 /H CH2-"N=(:H2 

! + ()==CX I + H2O 

(XX)H (X)()H 

(ilyoine ForniAldehydp Methylene glyoine 

Use has been made of the Sorensem titration to det(‘rmine the amount 
of amino acid nitrogen pr(*sent in .such biological materials as urine. 
In this meth<Kj the urine is neutralizc^d to phenolphthalein, then neutral 
formaldehyde is added, and the mixtun* is again titrated to a pink color 
with standard alkali. The final titration gives the data necessary for 
calculating the amino acid nitrogen present, since for each amino group 
covered up with formaldehyde a carlKixj"! group is set free. It should be 
noted that in the Sbnmsen titration ammonium salts react like amino 
groups. Hence, in determining amino acid nitrogen in the urine by this 
method, ammonium salts must first be removed or separately deter¬ 
mined, and a correction applied. 

Reaction ivith Ntnhydrin. When free alpha-amino acids are reacted 
vnih ninhydrin, one molecule of CX)2 is evolved for each free carlxixyl 
group present. Proline is decarboxylated, and aspartic and glutamic 
acids lose both their carboxyl groups. 
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For the roaetion with ninhydrin to wcur there must be a free carboxyl 
group present and a free amino group ti(‘d to th(‘ carlxm atom next to a 
carboxyl group. Since the.sc* c*onditions do not (^xist in proteins but do 
in frecj amino acids, ninhydrin is usi'ful in <let(*rinining free amino acids 

() 



\ 

+ HCNHu 


(’OOII 


Ninhydriu 


Alum tin 


() 


(’ 11 

f 1 (- 4 (’Ha + (’02 + NHs 

' \ 

(' OH (’HO 

II 

O 

I{<h1uc<m 1 Arot- 

iiiiih>(lnti liUlrhydc 


in th(‘ presenc*(‘ of proteins. Sucli a metluHl has Ikm’h d(‘V(‘l()ped by 
Van Slyk<*. In liis method th(‘ solution containing fn‘(* amino acids is 
treated with ninhydrin, and tlu' ('(>2 (‘voIvihI is <let(Tmined. The 
amount of ('(>2 evolved is a m(‘a>ure of the jimount of carboxyl prcM'iit in 
amino aeids. 

Deaminization Inj Oxidation, Of great importance^ to the pliysiolo- 
gist is th<' rcjiction which amino acids undergo on oxidation. The first 
step in oxi<lation is the ri'inoval of the amino group to form ammonia and 
a ketone acid. 

V\h Vlh 

I I 

H~ (^ NH2 + 0~>C^ 0 + NH3 


(^)()n 

.Matiiiu* 


I 

C’OOII 

I*yru\ ic ucul 


This (Hpiation probably n»presents what hapix'iis to an amino aci<l when 
it is oxidized in the animal I sidy. 

LacUim Formation. A gamma-amino acid will lose a molecule of water 
to form a heterocyclic cc inpound calhsl a lactam. This reaction may be 
likened to oxidevring foiniation in carlxihydrate chemistry. This type 
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of rractioD easily accounts for the fonnation of certain heterocj'clic 
aniinr) aciJs. Mich as proline aiul hydroxyproline, fn>in glutamic iind 
hydroxygliitamic acids, resix*ciiv(*ly. 'ila* origin of proline from glu¬ 
tamic acid may 1 m‘ repres(‘nt(^l thus: 


C-OH 

( 

0 

11/ 

0- 

CII. _.,.o 

ciiX 

CII, 

1 “ 

CIIj ,NH 

CHNU, 

cn^ 

coon 

1 

COOH 

Olutamie 

acid 

XACt^m of 
glutnmlc acid 


CH, 


■oil, 


^NH 

Prcllne 


H 


COOH 


If ill t)ii> n^ac^tioii }i\<lrnxyuiutamic a(M(i is suhstitut(Hl for glutamic acid, 
hydroxyproline will nvMilt. 

Structure of the Protein Molecule. 'Fhe proteins, as hn.^ Ix^en stated, 
are complex structures inad(‘ up of many amino acids. It should lx* of 
intiTcst to know lam tla^ amino aeid^ are link(*(l together in the j)rotein 
molecule. .Many th(‘ories, some of which tire vc*ry comjdicated, have 
lK‘en iidvtin((‘d to (‘Xplain protcMU struetur(\ 'Fhat of Kmil FiscluT is 
simjik* anti accounts for many of th(» known j)rop(‘rti(‘S of proteins. 
FischtT lH‘lieved that ammo acids in the jirotein niol(‘cul(‘art' united by 
what he called tht* peptide linkage. 

In the p(‘ptitl<‘ linkagt*, wattT is split t»ut from the II of the NII2 group 
of one amino acitl and the ()J 1 of tht* earbt)xyl group of anothtT, thus: 

CIT2-NIL II 

yO + 

Gi>cmo C-OII 

Ulycluc 


CII-NIIj 

U" 

c—+ n,o 


II 


/ 


C-OII 


QlycylKl}L'lne 


Thus tw "0 moltH*iiles t)f glycine lose a molecuh* of wat(*r, forming a 
dipeptide, wdiich Fischer named glycylglycine. This dip(‘ptide is easily 
hydrolyztHl by the iulditifin of wattT to form the amino acids from which 
it originated. 

A more complex pol^^peptide wrould hav(* a structure indicated by the 
following formula and name: 
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n,cO 

H,C<3oH ch,oh 

1 1 

1 

♦IICNH, 

1 

Il-NCII* 

II-NCH* H-NCH* 

C-OH 


▲laujl — Phcnjlalaiiyl — Tyroayl — Seryl — Glycine 


In this fonniila it will h(‘ s<‘<*n that a polyiH'ptide has amphoteric prop¬ 
erties like an amino aci<l. Inhere is a frec^ N 112 group at the left and a free 
("OOH group at tlu' right end of the molecul(‘. 1'he formula also indi- 
cat€*s that this j>olyp<*j)tide has the ability to rotate the plane of polar¬ 
ized light. The starnsl (*arbon atoms are asymmetric. In his labora¬ 
tory^ Fisi her succcssUhI in building a polyp(‘ptide containing eighteen 
molecul<‘s of amino acid. Ijater Alxlerhalden built a polypeptide with 
ninetism amino aeul molecules in it. 

l'h(‘ (HU‘stion naturally aris(‘s at this point as to how many amino 
iM'hls th(T(* an* in a single* mok'cule of protein. The number, of course', 
woukl vary with <liiT(‘r(‘nt proti'ins. If the molecular weight of a protein 
mol<K’ule an<l also tin* av(‘rag<* mok'cular wt'ight of the amino iwids found 
in that i)rot<*in vv(t<* known, the numix'r of amino acids present could be 
found by dividing the formi'i* figure by tin* latti'r. There is (‘onsiderabk* 
dilh'H'nce of opinion conc<*rning the mok'cular W’eight of proteins, but 
rc'cent work indicates that certain typical proteins have a molecular 
weight of about This is fiossibly a minimum value. If 38,0C() 

is divided by the average moks ular weight of the amino acids, the result 
is about 2S8. From this fact wv can form a crude picture of a protein 
molecule, .\bovo is the formula for a ix'ntapeptide. If we linked 58 
of tlu'se |K'ntapepti<J<'.s together, w’O should have a rough pictun' of what 
the formula for a protc'in molecule may look like. 

It should !)(' |)oint(Hl out that many of the amino acids contain reactive 
grou|>s otlu'i- than the amino and carlwxyl groups. For example, serine 
luis an aliphatic Oil grouj), tyrosine a phenolic OH group, tryptophane 
an indole group, arginiiH* a guanidine group, and histidine an imidazole 
group. It is p(Kssible that all those groups are involved in protein 
structure. 

Ac<*onling to Fi.scher’s theory, a protein molecule is composed of one 
long chain of amino acids. Some persons believe that the protein mole¬ 
cule is nuule up of many short polyix'ptide chains which are arranged 
side by si<le and held togc'thc'r by linkages other than the peptide linkage. 
Evidence in favor of this view is that various proteolytic enzymes act 
diffen'ntly on protein molecules. For example, pepsin hydrolyzes 



RACEMIZATION OF PROTEINS 


131 


proteins only partially to proteoses and peptones, whereas othcT ensyines 
attack proteoses and peptones, breakitifc them down t.) amino a<*ids. 
Possibly pepsin attacks only the linkagivs which hol<l tK)ly|K'ptid(^ chaiiih 
together, but other proUH)lytic enzymes attm^k only the [x^ptide linkages 

X-ray studies of proteins indicate that they r‘ontain more ring struc¬ 
tures than can be accountixl for by the rings in the amino ac'ids prt»sent. 
These other ring structim\s have IxH^n accounted for on the basis that 
ix>lypeptide chains are linke^d togt'ther in a definite* ^lattern giving rise to 
rings. From what has Ihh‘ 1 i said it is apparemt, that the* true nature of 
protein structure is a complicate*!! affair. 

Racemization of Proteins. As inelie^atenl in the* pix*vie)Us s!*ctii)n, 
j)rote*ins are optically lu'tive*. Wluiii pr<ite‘in solutions are* l)oile*el with 
alkali, their eiptical activity lx*ce)nu*s le*ss; anel, if lhe*y are completely 
hydrolyzed, the*y w'ill yie*ld race*mic mixturt*s of amino a. i<ls rathe*r than 
the optically active forms piv.se*nt in the* original protein mobeule*. 
Wlien proteins are hydrolyzenl by ae*i(Ls or e*nzym(*s, optically active 
amino acids result. The lowering of optical activity \\he*n pre)te*ins an* 
treated with alkali is due tei race*imzati(ai anel is e*ause*el by a re‘\('rsible 
e*nolization of optically iwtive amino acids in the* me>lc*(‘ule*. What hap- 
jx*ns to a single asyrninetric carlxm atom in the* pre>te‘in me)Ie*cul(* may Ikj 
re*presente*d thus* 


H H 0 H 
I I II I 
R-N-C-C-N-R 
I* 

R 

l Fonn of protein 


H K O H 
I I II I 
R-N-C-C-N-R 
I* 

H 

d Form 


\ n U ^ 

r_N-C=C-N-R 

I 

R 

Enul form 


In these compounds the carixm atoms dcsiRnatf'd by * an* optically 
active. When the I fonn of protein i.*. tn*at(*d with alkali, tin* liydroKcn 
atom tied to the asymmetric carbon atom niiRratc*s to tin* nciKlilMuinf; 
oxygen atom, forming an cnol. This cnol comiMtund has Ujst its asym¬ 
metric carbon atom and is therefon* optically inactive. Howc*vcr, this 
enol immediately changes back to the optically active form, but in 
changing back it forms equal quantiti(*s of the d and / forms. This 
mixture of d and I forms is what constilut«'8 racciiiizcd pnrtcin. If such 
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a protein is completely hydrolyztxl, equal quantities of d- and /-amino 
acids result. Ra(;einiz(^ ])roteins are cjuite different from natural 
proteins in many of their bioloj^ical proiM*rti(\s. Th(»y are not digested 
by enz 3 anes and do not show immunohigieai n^aetions. 

Classification of Proteins 

L Simple proteins. Nutiirall^' ocnirring protein^ wliicli on hydrolysie 
give only alpha-ainiiio acids or their denviiti\(‘s. 

A. AIhuiiiiiis. Soluble in water aji(] coagulated by heat. Oval- 
butiiin ill egg white and >eruiii albumin in blood. 

B. (jlobiilins. Insoluble in wat<*r but M)lnbi(‘ in diliiti* salt solution. 
CoagulatiMi by heat. Serum globulin in blood and ede^stin in 
hemp seed. 

Cl. (llutelins. Insolulile in water and dilute ‘'jilt solution, but 
.soliibh* in dilute acid and alkali. (*oaguiated by Ik'jjI (ilu- 
tiMiin in wtu‘at. 

IJ. Prolamines. Insoluble in water, but soluble in SO })er rent 
alcoliol. (iliadin in v\h<‘at and /ein m corn. 

E. .MImminmds. Insoluble in water, dilute salt soluti(»ns, acid and 
alkali, ami SO ]u‘r rent ale<»liol. llvdioly/.rd b\ long Ixulmg with 
strong acid. lOlastm in temhm^ and keratin in liair and horny 
tissue. 

F. Histones. Solubh* in water and diluti^ acid ami insolulile in am¬ 
monia. Not eoaguIate<l by he.at. Somewhat OaMc in rcan'tion 
because of a predommauci* of diamino acid-. Ili'-tom* in tht* 
blood corpuscles of buds 

G. Pnitamines, Soluble in watt*r, dilute acnl. and ammonia. Not 
coagulated by heat Slrongl\ Ija-ic m n‘action bec;iUM‘ of tin' 
large number of diamuio acuU prcM'iit Stuiin ami salmin 
found in the s{H‘rni of ti^h 

II. Conjugated proteins. Simple pndeiiis linked with nonpr<»tein groups. 

A. ('hroinoprotiMiis. I*n»tein linked with a co|on*d eoinpound. 
Hemoglohm in blood. 

U. (ilycoproleins. Protein link(*d witli a c-arbohydrate. Muein in 
saliva. 

C\ Phosphoproteiiis. Protein linked with phosphoric ac*id. ('asein 
in milk ami vitellin in egg yolk. 

1). \uele«)protein. IVotein linked with nueleie acid. Nuclein 
found in the nuclei of cells. 

K. IxH’ithoproteins. Protein linkeil with a phospholipid. Not a 
well-reeognized group but umhmbteflly fmiml in i)rotopla.sin. 

F. Lipoproteins. Protein linked with fatty acid. Existence 
doubtful, hut probably found in protoplasm. 
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in. Derived proteins. Dcriviitives of proteins resulting from the action 
of hcjit, enzymes, or cheinicul reagents. Also artificially produced 
polypeptities. 

A. Priniary derived proteins, Derivativcis of proteins in which the 
size of the proU*iii nmleeule is not inaterially alU'red. 

1. Proteans. Iihsoluhle in water. The first products produceci 
by the actum (»f acids, enzymes, or water on proteins. 
Edestan deriveil from etlestin. 

2. Metaprotoins. liisoluhle in water, but soluble in dilute 
acid or alkali. Produced liy the fui-ther aetion of acid or 
alkali on {iroteiu'^. Acid and alkali metaprotedn. 

3. C'oagulat(‘d protein. Insoluble pn*tein pnahicts pnalucfnl 
by the action of lieat or alcolu 1 t>n protein. C'oaguiateii 
et;g white. 

B. Sec(»ndary deM\ed protein^. Derivatives ot laoUdns in W'hich 
<lefiiiit(‘ hydnily‘'i> has taken plac*' The moleeiiles are sinuller 
than those ol tli(‘ original protein. 

1. Proteoses. Sohibh' in wat^r, not (‘oagulated ’oy heat, and 
precipitaU'd b\ saturating th(‘ij rolution wan (NIli) 2 S() 4 . 

2. P(‘i)toiies Soluble in water, not eoagulated by heat, 
an<l not precipitatisl hv saturating tlieir solution with 

3. Pol\])eptides. (’omhmations of two or more amino acids. 

It will be s(»(‘ii from (bis el:ussifK*iilion tliat |)rot(*iiis an‘ divided 
into three' main groups on llu' basis of eb(‘mieai dilTerenees. The 
simple proteins are what might }*r ealleel tin* j)un' proteans wbieb are 
lound in nature'. By j^ure we* mean (hat 1b(*y eontain ehiediy amino 
aeiels, wliieb are* (be elianuteristie units dial make up (be* protein 
mole'cule. The conjugated proteins, as the name* inipli(*s, art* simple* 
prote'ins eonijiounde'd with some* nonprote'in moh'eiile. They also 
occur naturalK, but (Ik'v are* not wholly pro1<*in in their niak(*-up. 
'Hie* eonjugated radical is not a pre»1e*in and will not give* amino acids on 
hydrolysis. The* derived proteins are an artificial greiiip in which are 
<*Ia.ss(‘(l those (le‘riva(iv<*s j)rodiie(*<l by (be* action of sueli agencies oh 
h(*at, enzyme's, and clu'iiiical n*age*nts on jmife'ins. 

Simple Proteins. The* simple* prote'ins are* sulKiivieled on the* basis 
eif physical pro|K‘rtie's mainly. Solubility is the* cliief factor considered. 
If we* w’e're* to arrange tlie sinifde* prote'ins in the* orde'r of thc'ir solubility, 
it would Im' re'asonahle* to place* the* protamines and histones first and 
<0(1 the list with the* albuminoids, as is done in a elassification used 
l)y English biocht'mists. It will Ik* iJot(*d (hat (he* protamine's, histones, 
and albumins are all soluble in water. Hie preitamincs and histones 
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are very simple proteins in that they contain only a few amino aeids, 
mainly of the diarnino type, such as Ijrsine and arginine. The albumins 
differ from the protamines and histones in being more complex in struc¬ 
ture and in Ix'ing coagulatcMl by heat. As we go down the list, we find 
that tlie globulins require dilute salt solution to put them into solution, 
the glutelins dilute acid or alkali, and the prolamines 80 per cent alcohol. 
Finally we come to the albuminoids, ^\hich are very insoluble com¬ 
pounds. 

Conjugated Proteins. The conjugaf(»d proteins are subdivided 
according to the nature of the nonprotein group in the molecule. If the 
nonpr(»UMn gnuip is coIohmI, we have a chromoprotein; if it is a carbo¬ 
hydrate, vv(' have a glycoprotein; if it is phosphoric acid, we have a 
phosphoprotein; if it is nucleic acid, we hav(‘ a nucleoprotein; if it is a 
iecithinlike (‘ompound, w(‘ have a lecithoprotein; and if it is a fatty 
acid, wc‘ havt‘ a lipoprotein. It should iiotcnl that in all these groups 
the moh'cule conjugal( h 1 with th(‘ protein mok^ule is not a protein and 
will not give* amino acids on hydrolysis. Lat(*r, when we consider the 
chemistry of nucU‘ic acid, we w'ill l(‘arn that nuckac* acid contains phos¬ 
phoric iu‘id. \Ve ha\<» alin^arly l(‘anH‘d that k^citliin contains phosphoric 
acid. It should, therefore*, 1 h* pointed out that not all proteins which 
contain phosj)horic acid ar’e* phosphoprot(‘ins. 1'he phosphoproteins do 
not include those protiMiis in which th(‘ phosjdioric acid is a part of nucleic 
acid or a phospholipid, 'fhe lc»cithoproteins and lipoproteins are not 
well-<l('fin(*d gi'oups. Th('S(» grouf)s are ^upposed to exist because of the 
intimate n^lations which must obtain In'tween proti*ins, phospholipids, 
and fatty aci«ls in protoplasm. "J'Im* basic and acidic properties of leci¬ 
thin and th(' acidic pi-operty of a fatty acid pr(\suj)pose a union of these 
compounds with j)i*otein in jrrotoplasm. 

Virus Proteins. In llKlo Stanle} made* a highly important observar- 
lion w’hen h(* di.scoveivd that certain discas(»s are caused by proteins 
of th(' micl(»oprotein ty|K\ Until this time it had Iw^en lx‘lieved that all 
infi'ctious dist*a.ses wei*<» cau.sr'd by living (organisms. If living organisms 
could not Ih' iM)lat(Hl fi-om tlu' disejustnl plant or animal, it W’as thought 
that tlu' organiMii was too small to lx* seen undcT the microscope. Such 
an organism was thought to 1h' so small that it w'ould pass through 
porcelain filters, and it was given the name of a filterable virus. A virus 
was th('n a submicros(*opic pathogenic organism. Stanley worked with 
a serious plant disease callc'il tobacco mosaic. From diseased plants 
he isolat(*d a ciy^talline jrrotein wdiich even after repeated crystallization 
retained its ability to produce the disease in healthy plants. In a short 
time thc^si* infectinl plants were found to contain large quantities of the 
virus protein. In other words, the virus jirotein is able to reproduce 
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itself. In this respect it appears to be living; that is, it has the i)ower of 
reproduction. 

The importance of Stanley’s work is not so much that the causiitive 
agent of a serious plant disease was discovered, but rather that it intro¬ 
duced a revolutionary idea concerning the natun^ of the* causative agent 
of certain diseases. It also challenges numy of the old idc'as alxiut the 
nature of life itst*lf. If virus proteins aix' living inattc^r, it apiK^ai-s that 
the gap between living and lifek^ss material is almost I)iidg(»d. 

Studies of the properties of the virus prot<'ins indicati^ that they an* 
luicleoprotein. They difier from other inu*k‘<»prott‘iiis in that th<*y have 
very high molecular weights. Those* which have* lH*e*n studie*<i ap]M*ar to 
have molecular weights approximating 2(1,(KK),0(K). 

Derived Proteins. The derive'd j)rote‘ins are a group of what might lie 
(‘onsidered artificial preiteins ])nM]uc<*el by tla* action o.‘ (»nzyme's, 
and chemical reagents on the other (*las.M*s of jiroteins. We divide the 
<l<»rive*d prot<‘ins into two grou]>s, <k*iK*nding upem wdiether the inok*cule 
hits l)(*en alter(*d mat(*rially in size*. If the* e'hange is ed sucli a nature 
that the mok'cule of the derive'd prote*in i< eif (he* same* size* a. I he* original 
mok*cule, we have a primary derived protein. If the* ine)le»eule has Ikh*!! 
split, the derive*d protein is secondary. If the* globulin, edestin, is 
treate*d with very dilute* Hd and tlu* 11(1 is them ie*utralize'el, a protein 
(•alle*d edestan will precijiitate*. It no longer sellable* in dilute* salt 
solution. It is a jirimary de*riv(»el jireitein eif the* protean tyjH*. The 
proteans are the first jireiducts form(*el whe*n elilute* ae’id aels eui ce*rtain 
proteins. If e'gg white, which is large»ly albumin, is (reate*el with a 50 
}x*r c(*nt NaOlI solution, and the re*sulling j<‘lly is eliss(>lve*d in wate*r and 
neutralize*d with IK 1, a j)re*cipitat(* lorms of alkali metaprotein. 1'his is 
an (*xampk* of a metaprotein. The metaprotelns are* ele‘rivc*<l preiteins 
which are slightly more* alt(*re*d from the* original y)rote‘in than prote*anH. 
Wh(»n an egg is rooke»d, the j)rotf*in in tlie* e*gg lK*come*s solid. 1110 solid 
formed is a priinar}" elerived jireite'in eil the* coagulated tyjie*. 

In the formatiem of s(*condary elemive'd prote*ins tlie* original jirotein 
molecule is partially hydrolyze*(l. If the* e'nzyme* iK*j>sin, found in the 
stomach, is allowed to act upon (*gg white*, the* prot(*in in (lie* e‘gg white is 
partly hydrolyzexl to form a mixture of proteoses and peptones, whicli 
are secondary derive'd proteins. Preitc‘e)se*s and jK'pl one*s rc‘pr(*se*nt diffe*r- 
ent stages in the hydrolj’sis of prote*in. The prote*ose* mok*cuk‘s are 
larger than those of peptone. If, tei a solution of e*gg white* whi(*h lias 
been treated with pepsin, an c*qual volume eif saturated (NIl 4 ) 2 S ()4 solu¬ 
tion is added, a precipitate of primary proteoses is obtained. Primary 
proteases are precipitated by half-saturatfxl (NH 4 ) 2 S ()4 solutions. 
After filtering and saturating the filtrate with solid (NH4)2S04, second- 
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aiy proteoses precipitate, ^^’hc‘n this mixture is filten‘d, the filtrate 
contains pc^jitcmes. I'hus it eaii se<*n that p(‘f)t<)n(‘s an* sctiuble in 
saturat<*(i (NIl4)2?^^l4 solution, v\hen*as prot(*ose.s an* not. Peptides are 
oombinations of two or more arnliio acids \\h>eh n*sult from nearly 
complete* hydrolysis of pre»t<*ins. J^*ptides may also Is* synthesizt*d in 
the* chemical lalM)ratory Irom ammo acids. J^‘ptid(*s are* krienvn as 
dip(*pti(leH, trifK*ptide*s, or polyj)e‘ptid(*s, d<*pcndinj* upeui the iiumlK‘r cjf 
amino aciels in the* mole*cule*. 

Protein Allergy. Whe*n for(‘ign prot(*ins find lln*ir way into the lM)dy 
e»ither by inje*ction or l)V absorption throiij;h the r(*spirat(iry or dige*stive 
trae‘/ts, important biolojrical n‘actions, which are* r(‘fi‘rn‘d to as all(‘i^M‘ 
reactiems, may occur. 

If a small amount of a fon‘ign pn)t(‘in is inject(‘d into the* blood str(‘ani 
of an animal, no visible (‘ITects are apparent: Imt if, alter a wr*ek or .so 
another dose eil tlie* same p!ot(‘in is fti\en, tin* animal may have* a se\(‘ie 
reaction, often n'Miitni^ in death. This H‘aetion is known as anaphylac¬ 
tic shock. Ap])arently the orimnal doM* of the* loM'i^n j)rot(‘in has 
sensitize'd the* animal to sul)s(*((nent <losc‘s of the* s;nne piot<*in. Ana- 
phylaetie sho(‘k nia> be* pr(‘ve*nt(‘d by jtn ir(*(juent dose's (»f the* fon*i^n 
protein so tliat the* animal builds up a tol(*rance to the* paiticulai prot<‘in 
or is said to be* d(*s(‘nsitiz(*d. 

In addition to anapliylactie* .shock prote'in alIer;;i(*'N may lx* inam- 
f('ste»d in othe*r ways. .\lan> jx’oph* ha\<* in some wav l>(‘eoin(* scaisitive* 
to spe'cifie prote*ins and, wh(*n they eomt* in contact with them lat(*r, ma> 
develop .su<*h sMiiptom^ as asthma, ha\ l(*\(*r, ('(z<‘ina, lM*adaeh(*s, ami 
tissue* sw'e*llings. \\v say that such ap(*rsoii i^ allergic toce*rtain ])rote*ins 
To avoid the dis(*oinfort ol the* all<*rgie leaetioiis he* must a\oid contact 
with the olT(*n<ling prot<*in in th<* lood he eal^, the air hi* l>reath(*s. and 
eve*n the* <*lothe*s he* w<*ars. 1'he proteins oi milk, eggs, and wh(*at are tin* 
most (*omnion food alle*rgens. Tin* most fonimim respinttor\ all(*rg(‘ns 
* 11*0 plant pollens. ()the*r common allergens an* wool, cat’s fur, and 
feathe‘i-s. 

Predc'in allergy may be<*\plained h\ assuming that llu* body, inge*lting 
rid of a fore*ign protein, eon\e*rts it into some toxic jiroduct which is the 
elire*e*t cause of the* allergic r(*spt)ns<\ \\ }u‘n the* initial dose* of the* 
fon'ign ])rote*in is give*n, there is nei rexu-tion, be*e*ause* the* body luis no 
in(*chHnisin feu* iinnie'eliately elisposing of it. IIe)W(*v(*i, .su<*h a nie*c*ha- 
nisni is seion de*velojK*<l; ami, whe*n the* se'e*ond elew is gi\ vn, the* re*action 
CK*cui*s imnuHliate*ly, with the* rc'sult that the* toxic pro<lue*ts an* prcxluced 
in such (]uantity that tlie allt*rgic re*iictie>n results. 

It has bi*e*n suggesti*il that the leixie substane*e produ(*(*d in protein 
allergy is histamine or seime similar comjKiund resulting from the decar- 
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boxylation of histidine or some other amino acid. In suptiort of this 
fheor>" it has Ix^on shown that <luring unapliylactic* shtvk histamine is 
present in the blood. Furthemiorc hisUiniinc*, when injc'ctiHi into a nor¬ 
mal animal, product's many of the symptoii'iS of j>rotein allc'rgy. 

Determination of Protein. In analyzing* nmtc'pals for their protein 
content, the Kjeldahl method is usually c'lnploycHl. In this metluKl 
nitrogen is determined, and the rc'sult is mulliplicHl by a chemical factor 
to convert nitrogen into protein miIuc's.. 'Khe nitrogen content of the 
average protein l>C‘ing about It) jht cent, the factor 0,20 is commonly 
used, since 10 X 0.2o =- 100. Sinco for s|H‘cial inalerials other factors 
may be* used, it is good practice in reporting protein value's always to 
indicate the factor employed. In many table's thc'rc' i.s a (‘oliimri hc'iwknl 
Protein (N X 0.2.")), nu'aiiing that thc‘ jirotc'in wa*. calculatcsi from the 
nitrogen value by multiplying b^ the* factor t^2.^. h >1 mild be fiointed 
out that ill th(' Kjc'Idahl nic'lhod not plot (‘in, but nilrog(‘n, is d(‘t(*nnined. 
Any nitrogc'ii occurring in th(‘ rcnluceil form wouhl tlaaefore be ineludcHl 
m this determination. To indicate' this fact the te'rm crudt' prole‘in has 
been applie'd tojirotein values obtained iiy ilie Kji'ldald mc*th(Ml. 

In the' modific'ation of the' Kjeldahl method commonly use'd, the 
sample' to b<‘ analyze'd is lu'ate'd with concc'iitrate'd Hi>S().|, Nai>S() 4 , and 
a small aiiKiunt of ('uS()|. At first the* mixture'turns bhwk be'C'ause of 
the* (‘harringeif the sample, t )ii boiling tor some' time*, the* solution cle*ars 
u[) bc'cause* of o.vidation eif the* carbon:ic(‘ous mate'rial. The* Il 2 S ()4 
acts as an oxidizing age'iit thus: 

HoSO, Hot) + SOo + <> 

The Na 2 St )4 is added in orde'i to raise the* boiling point of the* mixture. 
The* highe*r the* te'mpe'ratun* e)f the* solution is, the* more* rajiidly the* oxida¬ 
tion take's plaee*. The* (’uS ()4 is a catalyst which aids in the* oxidation. 
The coppe'i* apjian'ntly acts as a carrie*r of oxyge'ii trom the* 1I2S()4 to the^ 
material being oxidize*d. 

Afte'r dige'stion is complete, the* nitreege'ii oi tlie* sample* is in tluj form 
of (NH 4 ) 2 S() 4 . When Na<dl is adde*<i to this re'sielue*, the* n 2 S ()4 is 
neutralizc'd and NHa libe*rate*d. This NII.j is di.stille*d into a know'll 
quantity of .standard acid, and from the* amount of acid n(*utralized, as 
detennined by titration eil the* (*xce*ss with stanelard lutse*, the* amount of 
nitrogen jm'.sent in the sample e*an Im* cale*ulate*d. \ ]>ie‘c<* of zinc in the 
distilling flask prevents bumjiing during the* distillation. 

Color Reactions of Proteins 

Before the subject of color reactions of prote'ins is discusscxl, it .should 
be made clear that the'se arc siH'C'ific te.sts, not for jirote'ins, but for certain 
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structures commonly found in proteins. Thus ordinarily one pasitive 
color test is not conclusive' prew^f of the presence of protein. To prove 
the presence of protein, therefore, s(‘\eral color tc'sts should Ixj run, and 
tests should lx* s(jl(»(*t(*<l which resjxmd to a variety of characteristic 
groups of proU'ins. 

Biuret Test. If tc* a prot(‘in solution some strong alkali and then a 
few drops of dilute (’uS<)4 solution arc' add(‘(l, a viol(‘t color is produc(jd. 
^riiis is called iIh' hiuret t<‘.'^t, lM*<‘auM* an orj^anie compound calk'd biuret 
gives the same t(‘.st. Hiun't may Im' pn'pared hy lu'ating un‘a; NH3 is 
given otT, an<l the residue is hiurc't. 

/MI, 

U-0 

:-o 

t’rea 

It will he noticed in tlu* formula I hat tlu' Imkam* ol tlu' two molecuk's of 
urea in hiun'l is similar to the' peplid(‘ linkagi' in protc'ins. Ih'oteiiis 
then give th(‘ t(*st Is'causi' of the peptide linkages which lh(*y contain. 
It should he pointe<l out (liat dip('ptidt*s do not give the hiurc't ti'st, hut 
till other polyp('ptilk's do. Smi'e the hiurel teM is a test for pi'ptide 
linkage, it is (‘vid(*nl that it is a very good one lor proti'iiis. hi'ing a tf*sl 
for one of (he most characteristic .structures in all protein mok‘(*ul(‘s. 
One of the most valuable usi"^ of the hiuri't test is in connection with thi' 
hydroly.sis of proteins. It i.s often important to know whi'ii hydroly.sis 
is complete. It the hiuret test is negative, hydrolysis is complete, at 
least to the dipeptide stage, 

Millon’s Test. Alillon’s rt'agent is :i mi.\tun‘ of mercuric' nitrati' and 
nitrite. It is mjwle by dissolving mercury in 11 NO.-^. If Millon’s 
reagent is added to a piotein .solution, the jwotein is fust jmripitated 
as a mercury .salt. On heating, (he precipitati' turns a flesh color if tlu* 
te.st is ix)sitive. Only ])roteins containing tyrosine give a positive te.st. 
'Hie hydroxy])hi‘nyl grou]) of tyro.siiie is thi' structure r(‘S])onsihk' for 
this test. Thus Millon’s test is for tyrosini' in thi' proti'in moleeule. 

Xanthoproteic Test. The word xantho mi'ans yellow’, so this test 
might b(' called the ycaiow [)roteiii te.st. If a protein solution is treated 
with IINO3, the protein is piwipitatf'd, and on heating it dissoIve.s, 
giving a lemon-yellow' color, ^^'hen the iW'itl is m'Utraliml wnlh alkali, 
the color changes to a burnt orange. 'Fhis te.st is ixwitive for proteins 
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ci'tDtaining amino acids with the benzene ring, such as tyrosiiiei phenyl* 
alanine, and trypto|>hane. 'ilie test is (‘sjxM*ialiy good if tyrosine Ls 
prcisent. The lx‘iiz('ne rings are apparently nitrattnl, and the nitratexi 
compounds give tlie burnt-orange* color on trt*atmerit with alkali. 

Hopkins-Cole Test. 11 to a ]m)t(*in solution in a t(*st tube* a few drops 
of a solution of glyoxylic acid (C'llO-t'OOII) arc iuiikxl and then a layer 
of concentrated 112**^^>4 is phu*cd under tlii.N soluti<»n, a violet ring will 
apiK»ar at the junctun* of the' two ii(|ui<ls if tryptophane is pifs(»nt in the 
protein. The indole* groiij* 01 tryptophane* is re*si)oiisible' fe)r this test. 
Api;are*ntly the aldehyde* grouj^ of the* glyo\\lic ae*id aiels in the eonver- 
"lon nf indeJe* to the* viole*t com|)ound re*s|M>nsiblc for the* coleir. The 
Hoi)kius-(’()l(* test is then a test for trvpto])hane*. 

Liebennann’s Test. If coiice*ntrateMl HCl is eulde'd to a soliel protein, 
the* miAturc is l)oil(*d, and then a few drojis of sucrose* seiiution arc added, 
a viole‘t color appe‘ais if tr3rptophane !> prcse'iit in the proti'in. This is 
similar to the* lIoj>kins-( 'ole* tt*st, the* alde‘liy(lc e‘oming fre>»n the actiem eif 
the IK'I on the* Mii;ar. 

Acree-Rosenheim Test. In this te*si the* piote*in solution is tn*ated 
with a f(‘W elrops e)f v<‘ry elilutc fornialel(‘liyelc solutiem anel the*n lay(*i*eHl 
with conce‘ntrate‘el lIoS()|. A vie)le*t ring appe*ar>; if tryptophane is 
pre*se‘nt. The* forinaldcliyde* is the* alde*hyeie* he‘r(*. A ve*ry imjiortant 
application of this te'st is made* in te*sting for formalde*hyele* in milk, 
rnscriipulous milk ele'jtlcr*' semu*time‘s pre‘ve‘nt tlicir milk freaii s))oiling 
by lulding small ciuantitie's of fe)rmalele li.\de‘ as a pn*se*rvativc. If such 
milk is lu*atc(l witli IK 'l, a viole*t coleir elcvcloj)s. The* prole*in in the 
milk, toge*tlicr with the* aehle*d fea'iiialelchyelc, make's possible* a fH>sitivc 
Acr(*(*-Ke)se‘nhe*im te**'! uj)oii the aelelitieai of ae*iel anei he*aling. 

Ehrlich’s p-Dimethylaminobenzaldehyde Test, Khrlich suggeste'd 
llic Use* of /Miime'tliylammolKiizalele hyele* as the* alele*liyele* in te*sting for 
trypte>phane‘. In tliis te*.sl the* pre)lcin solution is l)oile‘d with concen- 
trate*d lU'l and then a few droj^s e»f />-<lim(*thylaminobe*nzaiele*hyde, elis- 
solv(*d in 10 pe*r C(*nt ll2‘'^t>o are* adele*d. A re*el to vi(»leit color dove;le)i)H 
if tryptophane is j)re‘s(‘nt. The color e-hanges to blue* upon the addition 
e)f a fe*w drops of ().r> ]K*r ce*nt NaNOa solution. This test is us(*d in 
bacteriology in te*sting for indole preMlucliejii by biict(*ria. 

Ehrlich’s Diazo Test. Tlli’^ t<‘st is jsKsitive if histidine or tyrosine is 
pre*se*nt. The* reagent is made* by mixing NaNt >2 solution with sulfanilic 
a(*id dissolv(*d in 11(1 solution. Tpon aeleling to a pre>te*in solution and 
making alkaline* with a rf*d to orange* color results. Histidine 

gives a red to orange* color; tyrexsine*, a lighter orange* color. 

Reduced Sulfur Test. If a pre>te*in solution is boiled with KOH 
and then treated with lead acetaU^ solution, a black precipitate is formed 
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if sulfur-containing arnino jicids such as cystine and methionine are 
present. The strong alkali n‘niovc‘s sulfur from these amino acids, 
forming K2S, which with l<‘ad acetate* foims FbS, a black compound. 

Molisch’s Test. If a protein solution containing sugar, (*ithcr in solu¬ 
tion or in the rnol(*cule a glycoprotein, is tn*ate(l with Molisch's 
reagent and then layered with IljjSt >4, a violet ring will develop. It will 
Ix* n*called that the Moliseh t<‘st i^ a t(*st for any carbohydrate. If deal¬ 
ing witli pun* protein solutions, thi.*% i.s a goexl t(*st for a glycoprotein. 

Ninhydrin Test. In addit ion to IxMiig us(‘<I as a reagent for the quanti¬ 
tative deteriiiinatuui of fret* earbox\l in solutions of amino acids, nin¬ 
hydrin gives nn important eolt»r re.*u‘li(»ii with compounds containing 
alpha-amino groups. Hiis is an (*xtn*m(*ly thiicatc test, to wiiieh pro¬ 
teins, their hydrolytic protlucls, ainl alpiia-amino acids react. 

When ninhydrin is addtsl to a jirotein solution and the mixture is 
healed to boiling, a lav(‘nd(*r eolor ap|)<*ars on cooling. I1ie color is due 
to the formation of aconqilt'X eompound with tlu* following formula: 
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Precipitation of Proteins 

There art* .s<*v(*ral ways in w Inch proteins may Im* precipitated. Expla¬ 
nations of w’liy lht*y prccipitatt* ;irc hiused on their colloidal and chemical 
prt>perti(*.s. 

Colloidal Explanation of Protein Precipitation. IVoti ins are rt)lloidal 
siihstxinci's iiiid rcmani in colloalal dispt*r.sion ht'causc of ele<*tric charges 
tm tlie colloidal particles. 'I'lie chaigt* ina\ lx* eitht'rj)osilive or negative, 
depending uptui the Il-ioii concent rat i«ni of tin* solution anti other fiic- 
ttirs. In nt'iitral solution most proteins have a nt*gativt* charge. As 
acid is iiddt'd. (he negative chargt* reductxl anil finally lK*comes po.si- 
tive. The j)oint where then* is no chargt* is rjiHrtl the i.sot'Irrtrit* point, 
and it is at this point that proteins art* most t*jisily pre(*ipi(ated. Soron- 
st»n has preparetl t‘gg alhumin in a pun* crystalline form by bringing the 
solution to the i.sot*lt'ctnc jioint. 'flu* t*jis(*in of milk is easily preeipi- 
tattMl by aiiding sufii(*ient acid to bring tin* .solution to a pll of about 4.7, 
tht* i.sot'lectric point of casein. 

Sinct* proteins havt* a ni*ga(ivt' charge, tht'v may Ik* pn*eipitatt'd by 
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adding a positive colloid, like colloidal iron. In this cas<^ wo have mu¬ 
tual precipitation of the two colloids. 

Many salts, such as IIg('l2 and PbC'i2, and many m*ids, such as picric 
and phosphotungstic acids, pivcipitate protc'ins. From the colloidal 
standiK)int such precipitations may 1 h' explained on tiu* hyiHithi^sis that 
the positive charges of the' and neutralize' the' negative 

charges on ne'gative' colloidal prote'in partie'le's or that the negative 
charge's on the picrate* anel phosphe)tungMate ions neutralize' the |K)sitive 
charge's on positive colloidal prote*in ])article's. 

Since prote'ins are hydrophilie* colloiels, the' fact that tlu'y take up 
large' quantitie's of wate‘r aids in them* dis])e'rsil)ility. \\ he*n large* ejuanti- 
lie's e)f salts, sue*h iis (NH4)2S()4, are aelde'el, tliis water is re'inene'el from 
the ce)lle)idal particles, and tlu' prote*in is pre‘(*ipitat»'d. I his pre)e*e'ss is 
spe)ke'n e)f as salting emt. Al(*e)he)l j)re'e*ij)itate‘s pre)telns in a similar 
manner. 

Chemical Explanation of Protein Precipitation. In dise'ussing the 
re‘iu'tie)ns of amino acids, it was pointesl out that proteins, as we*ll as 
amine) acids, c'xist in solutiem Jis zwitte*rions at tla'ir isocl(‘ctric points. 
In aciel se)lution the prote'in part e)f the* im>U‘e*ule‘ lK‘e*onu‘s a pe^sitive* iein, 
anel in basic se)lutie)n a ne'gative* iem. 'rhe*re‘fore' in acid solutieai a |m)te'in 
\Nill reae't with acid raelicals te» form salts whie*h are* e*alle'el protein salts. 
In basic se)lutie)n the* ne'gative* prote*in raelie*als will react with positive* 
radicals to form salts e*alle‘d proteinates. If the* raelie*als whie*h e*e)nd)in(* 
with the* pre)te'in radicals are* e)f the* right kinel, the re'siilting c'ompetunels 
are inse)luble* anel will pre*cipitate*. The* fe>lle)wing eliagram, in which H is 
a protein me)le*e*ule*, dlustrate's what hits just be*e*n saiel. 
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Other acids which prc'cipitate prote'ins jls prote'in salts are* tannic, 
phosphomolybdic, phosphotungstic, chromic, anel trichloroacetic acids. 
In general, it may Ik* saiel that pre)te'in must be* e)n the* ae;iel side of its 
isoelectric point to lx* pn'cipitateel as a prote'in salt. Other metals 
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which precipitate proteins as proteiiiat(*s are copfier, iron, manganese, 
aluminum, Icafl, nickel, [)latinum, aiul gold. Such alkaloids as quinine 
and strychnine, basic dyes, and basic proteins, such as the ))rotamin(\s, 
also precipitate j)rot<‘ins as prot<‘ina 1 e.N. In genc'ral, to precipitate a 
protein as a proteinatc*, the f)rot(;in must on t he basic side of its is(iel<»<*- 
tric point. 

Fnjm a chemical standpoint the precipitation of proteins is not so 
Himplr a process as th(‘ fon^going (‘(piations would indicate. Kx])eriment 
has shown that prot(‘ins do not n*act with in(‘lals and acids in sloicheio- 
metric proportions, and it is a (jucstion wlndher tliev form true salts. A 
rational e.xplanation of how metals and acids ar*! in pn‘cipitating j)rot(‘ins 
must include th(‘ir effirl on the colloidal properties of tin* protein. 


Nucleoproteins 

The nucleoproteins aie so called lM*ciius(‘ th(\v arc* found in the nuclei 
of cells. In many c<*lls, such a*' the* h(‘ad of I lie* sperm and white blood 
cells, the* nuclc'us occupic*s tlie greatc*r part ol the* c*(‘ll. A gn‘at deal 
of work has b<H‘n done* on llu* chc-mistry ol nucleoprotc'in. using while 
blood cc'lls, obtaiiu'd from pus, anci the* hc'ads ot fish spc‘rm. 

Nuclc'oprotcMiis are conjugat<‘d prot<‘ins. On [lartial hydrolysis th(*y 
yield a protc'in and nuclcMn. Nuc'Ic'in on furthc*?* hydrolysis yic'lds a 
protein and nu(*leic acid. Nucleic acid on further hydrolysis yic‘lds 
1I3P()4, a sugar, pyrimidines, and purines. licforc* wc* can considc*!* the* 
structure of nucleic acid, it is nc‘C‘cssary to take* up the* chenii>(ry of the 
pyrimidine's and the* purin<’>. 

Pyrimidines. Both tlic* twrimidincs and purinc*s an* derivatives of 
urea called ureids. Orca will ri*act with acct\l chloride* to form a com¬ 
pound f*alie*d acetyl urea, thus: 


CII-C-/CiXd- lUN-C-NTl.,- 


Act'tjrl 


/P P 

CII 3 -C— N-C—NII 2 + IlCl 
11 

Acel>l uMia 


With the ae*id chleiride's of dibaHc acid.", botli NII^ groups of urea react 
ane:l cyclic un'ids an* fornu'd. The cyclic* urc*id of lualonic acid is closely 
related to pyrimidine. 

IIN-C = 0 

I 

C=<> ClI, + 2HC1 



C1K-C=0 


IIX-C=0 


I Ml* 


Mjlxiis'l ntra 
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Reduced malonyl urea is pyrimidine, winch has the fuliowing formula: 


(1) (6) 
I 1 

(2) HC ril (5) 

(3) X rn (4) 

Pyriniulinc 


'I’he numbers indicate' jx'sitions in the molecdlc; thc'y arc used in naming 
pyrimidine dcrivalivch. 1'hc pyrimidines found in nucleic acid jue 
cytosine, uracil, and thymine. 


X-d'-NHa 

I 1 

()=(’ CH 

I i| 

1IX-(’H 


UiO 


IIX 

()-(' ('ll 

i! 

IIX-CII 


Mpthvlu- 

tiori 

-► 


n\ 

I 1 

()--(' C—CHa 

' :i 

IIN—(:il 


Cv^tmiiu* 

rJ-uxy-t>-umin(>p> riiiiKlinc) 


I niPil 


Thyinine 

(L*,<>-(lioxy-.Vinft h> Ipyntnulme) 


rracii (lilTrrs irom cytcxsinc' in that th<» Nll 2 group is rrphw(‘(l by oxygon. 
'rhyiniiK' is uracil with a mctliyl group in tla^o ))osition. 

Purines. Tlio pan*nt ^ubstanco of this group of compounds is purine. 
Piiriiu' may 1)(‘ looked upon as pyrinii<line with a urea mokrule forming 
alloth(‘r ring by Ix'ing attached to tlu* I and o positions, tlius: 

(1) N (^H (0) 

(2) lie ('-itii-XH (7) 

j <’I1 iH) 

(3) X (9) 

Purine 


Th(* purin(‘s found in nuel<*ie ii(*i<i are adenine and guanine^ whioh are 
arnino purin(‘s. On hydrolysis tfit^se purin(*s yi(»Id h3rpoxantfaine and 
xanthine, respectively. On oxidation, hyiioxanthine yields xanthine, 
which in turn yi(‘lds uric acid, tin* end product of purint* nitdabolism in 
man. In birds and reptiles uric ac*id is the main nitrogenous constituent 
of urine. In thest* animals uric acid is synlhesiz(*d from other substances 
besides the purin(‘s in the food. 
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N=C>-NIl2 HN-(>=0 
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N- r-X 
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(’II 
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! 
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X MX (' 

X IIX 

i 

(’ 


-xn 

I 

-NH 


(iiianiiip 

Hii>irio*(Mf\vpuriru*i 


XaiithiiK* 


I'rir .'iciil 

( 2 ,i),S-tri()\vpiJniit*) 


\Vhil(‘ \\(» an* the* jiunnrs, rnontion should lx* iiuule of 

two methylpurines, which, tliou^h not found in nuch'ic acid, are 
important. 1’hcv arc theobromine, foural in cocoa, nnd caffeine, found 
in t(*a and colT(‘<‘, 


IIN (' (> 


i\\‘A \ (' () 


O' 


(’ O 


I 

I 


N (H:» 
(I! 


()- (■ (’ 

I 

('ll 


('ll:, X (' N 


cn.i N (' X 


( J.ti <lwix\ 

,1,7 Ipiirine) 


(’ iH’iMur 

iririK Ui\Ipurint*) 


It will he noted that both theobromine ami catTeine are methyl deriva¬ 
tives of xanthine. Caffeim* ha'^ a pronoun(’i*<l action on the heart and 
is a brain stimulant. ]h*cause of it.s action on the brain, a person is 
usually unablt* to sltM»p after drinking eolTee at night. Oaffeine is often 
usimI in mediciiu* as a diuretic. A diuretic stimulates the kidn(*\'^s in their 
pnHiuetuin of urita*. 

Nucleic Acid. I^evem* and Jacolis, working witli nuek'ie acid from 
yeast, isolatc‘d a compound wliich contained II;jP() 4 , a i^mtose sugar 
calle<l </-rilH>se, and guanine. They named this compound guanylic 
acid. 
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N-(' II n H H 

Guanine tl~l<\hn^e phoephate 

(iuainlie uriil 
(a inononucloDtulei 

(^uanylir acid is a mononucleotide. If tla' n:{P ()4 is n*niovtMi by 
hydrolysis, a nucleoside called guanosine is obtaiiunl. (luanosino may 
Im' hydrolyzed to form d-nl)os<» and guamiu^ According to L(*v(»ne and 
Jacobs, nucleic acid is niiwle up of four mH‘li*otidi\s, th(‘ otlua* nucU^tides 
differing from guanylic acid in that thcv contain a diffi nail pmine or 
pyrimidine. Nucleic acid is llu^n a tetranucleotide. Levenc' suggest(‘d 
the following structure for nuch'ic iwid 

() 

IK) P () d-Kibose-(luanine 

on () 

()=rl> () J-ltihose ('vtosiiie 

I 

on () 

() P () - I’racil 

on () 

O—P O rf-ltilKiso- Adenine 

on 

Nurieic acid 

It will be notcHl that nucleic acid cfintains five acid hydrogens of the 
phosphoric acids in the molecule. It is lik(*ly that in nucleoprotein 
the protein is attached to one or more of th(‘sc* acid liydnigens. The 
proteins in nucleoprotein are protamines, which are biisic in redaction. 
Possibly nucleoprotein is a salt of the basic protein and nucleic acid. 
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REVIEW QUESTIONS 

1. What is an amino and? 

2. Given the (‘onirnon names for the ammo acids, j?ivo their systematic names 
and thiMr formuhts 

$• Name two amino acids wiiicii, strictly s}K*akinK, are not amino acids. 

4. In naniiiifi; an urnino acid, how may om iridicah* whether it is dextro- or 
levorotaUiry? 

6. Give two iiM'tlual" for jirepanni!; an amino acid. 

6. Write Situations showinti; what is meant by thc‘ amiihotenc projx'rties of an 
amino acid 

7. What IS a />Mti<Tiofi'' 

8. Write an tsiuation showing' what hap|M‘ns when an uiiiino acid is treated with 

HN02. 

9. Disisivi the chiauislry involvcsl in the S<»rens<‘n titration 

10. How doi's Tiiiihydnii nsict with ammo acids? 

11. Show bv ec|uatioii how an atiuno acid ma\ lie itxidized m the Ixidy. 

12. Whut IS a lactam? How ina> proliru* Im* rt‘l:»tisl to tslutn'iniic aeid? 

15. How are ammo mil. lmk<sl toKcthci m thi* protisn molecule? Write tlu‘ 
formula for a iK>ly|s‘nti<le imwle up of si‘v<*ral different ammo acids Name tin* 
poly[K*ptid(\ 

14. What IS the avcTHne molisular weiglit of a protisii inoUssile? How nian> 
amino aeid inoUssih's are then* m sinh a protisn molecult*? 

16* What IS FiuNiiit by ra<*emi/<‘<l protisn*' 

16. Name the tlins* mam (‘Ijissi*^ <if piottnns ami charactiTi/i* each class 

17. Classify simple piot< m*' and imlicati* tlie stjlubihty of each class 

18. Wh at IS a i’liioniopiotisn'* Name two im|>ortaiit phosphoprotems 

19. What IS thi’ ditleiemc betwtssi priinai> ami .seismdarv deriva*d protisns'^ 

20. How may proteosr*, Im* separated iioni jmptimes m solution*' 

21. I)iS( ■uas virus proteins 

22. What is imant by prolisn allerKV*' How mav it lx* explained? 

23. Name the reafi^ents u.se<l m th** Kjeld.ilil method and .staU* the* function of 
each. 

24. Why IS the* fae'tor (»usesl m cdculatin^ pn^te m \allies? 

26. What IS meant bv the t<Tm cniile piiUtan'' 

26. Naim* tin* eolor reactions f<»r pr<»t< ms Stale liow' each test m made What 
IS the ap|M*arance ot a positive* te'st in <*ach eosi*, anel what structim' in the preitisn 
nie)li*culi* is n*.sponsibi<' feir eMi’h ti*sl‘' 

27. Name a esilor te'st foi jtroteans winch would U* usi>ful in imlmatiiu; the com¬ 
plete hyelredysis of a preite m 

28. How may formalde-hyde* Im* ti*sted fe»r m milk? 

29. GiVi* a colleneial and a clie*nm*al «*\pIanation for the precipitation of proteins 

30. N aine tlu* p>nmidin<‘s and the purines fi>uml in nucleic acid and write their 
formul.is 

31. Nana* two methyl puriiH*.s ami wnti* tlw'ir formulius 

82. W hat IS the* end product of puniie nietaUdism m man? 

33. What IS a duin*tic? 

34. Dist mfciush lH*twts*n a imch'otide and a nucleoside. 

36. IndioaU* the chemical structure of nucleic acid 
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MINERAL AND ORGANIC FOODS 

In tho fon^Koinji; c hjipf(‘rs wo have* considorod the* chemistry of the 
nion^ iin}K»rt{inf orKJinic constituents of foods. Before taking up the 
(jiMssiion ot what hapiKTis to fomls in the body, it will lx* well to fix 
c*l(*arly in nun<l what a iood is and also to consider the composition of 
sona* tyi)ical loo<K. 

It is evident tl»al the mat<‘rial substance* out of wdiich the body is 
made* must l>e supplieel to the* Ixxiy in the form of food. It is also evi¬ 
dent that the* body must have* seane* e)utsiele‘ soure*e of e*nergy to supply 
the ^‘esls for work and for maintaining boely te*mpe*rature, which is 
usually highe*r than dj.il of the* surrouneling atmosj)he*re. This (‘iiergy 
e*onie‘s freau the* eixielation of loexis. A Mibstane*e such as alcohol, even 
though it is oxidize'd in the* body te) give* heat, nc*vertheless is not con- 
.sidere*d a fooel be*cause‘ of its poiMUious prope*i1i<‘s. A fe)e)d may lx* 
ele*fine*ei as any substan<‘e W’hich» whe‘n abseabcel by the body, may lx* 
usexl for buileling n<‘v\ tissue*, fea* the synthe*sis e)f essential compounds, 
ea* fe)r furnishing e‘ne*rgy te) the organism lor the* manifestations e)f life. 

Water. At first thought it may see‘m strange* to spe*ak e)f wate‘r {is a 
fexxl, but in vie*w e)f the* fact that the* bexly is e*omix)se»d e)f abe)ut two- 
thirds water anel that a fooel is any substan<*e* UM*el by the* beidy for build¬ 
ing tissue* it is obvious that wate*r i^. a very im)x>rtant f<x)d. In fact, 
fremi the* standpeiint ejf maintaining lile* w’ate*r i^ eair me)st impe)i1ant fexxl. 
Kxfx*rime*nts have* sheiwn that aniiujiU may live feir nu)re than lOO elays 
without eirganic foexls but that the*y elie in from o to lO days when 
ele*prive*ei e)f wat(*r. 

It hius lH*e*n e'stimate'el that the average* pe*rse)n ce)nsumes frenri 2 to 5 
lit<*rs e)f wate*r ]x*r elay. Alueh ed this wate*r is e*e)ntaiiie'd in the feK>ds W’e 
eat. Fruits anel ve*ge»tables ceintain frean 80 to tH) ix^r ce'iit of w^ater; 
milk, 87 |x*r t*i*nt. 

Be*siele‘s the* w'ater w'hich is cemsumed ale)ng with foe)ds considerable 
(luantitie'sare prexlue*ed in the Ixxly whe*n fix)ds are e)xidized. Feir exam¬ 
ple, whe'ii I mole*cule* e)f glue*ose* is oxidized, 0 me)le*cules of wate*r are pro- 
duee'el. It hius beH*n eslimatt'il that n ix*rse>n prexlue ing 2400 (-ale>ries per 
elay eibtains alxnit Ii(K) (*e*. e>f water as a re*sult e)f the e)xidation of food. 
Such water is ofte'ii s|X)ke'n of as metabolic water. 

Drinking water is usually not pure water but contains important 
minerals in solution. Hard w’ati'rs (*ontain large quantities of calcium 
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salts. In some regions magnesium salts are present in such large quanti¬ 
ties that the water is deckk^dly laxative in its action. Ir large areas of 
the I’nited States drinking water is lacking in iodiiw*, a deficiency of which 

considered an important factor in the development of simple goiter. 

AA’ater serves some very important functions in the Ixnly. In it the 
food materials are dissolved an<l carried to all parts^ of the Ixnly. The 
waste products of the cells an^ removi*d and ex(*rt‘ted by nu'ans of water. 
Many of the reactions taking i>lac(‘ in the body, such as those* iiivolvcMl in 
dig(*stion and metabolism, arc hydrolytic in nature and thus nupiire 
wat(*r. Also many reactions an* ionic in charactc*r; and, since ionization 
lake's ])lace in water solutiem, the jire'se'iiev of water is an imj>e>rtant aiel te) 
^ue*h reae*tions. Because* of its high spe'cific he'at and high hc'at of vaiH)ri* 
zation, water plan's an im])e)rtant role in re'gulating l>oely !em]H'ralure. 

IkiOND Water. A study of the manner in w hie'h water e*\lsts in preito- 
plasiii has rc've'aled that it may e*xist e'itlu'r in the* five' stale or in e'e«tnbi- 
natiem with e*ertain e)f the e*onstitue'nts e)f protojilasm, usually pre)te*ins, 
in the form of bounel water. 

Bound wattT differs from fre'C water in that it is comoioe'el with the* 
(emstituc'nts eif preitoplasm by citheT physieal or che'inie'al me'ans. 
There'fore bound wate'r d<K‘s not se'parate* e'iusily from j)rotoplasm by 
freezing at low te'mpe'rature or by e'vaporatiein at high fe'mpe*rature' e>r 
unele'r dry conditiems. 

Bound wate'r is e)f spe'e'ial inte*re*sl in conne*ction with the* alulity of 
jilants te) re'sist low tein])e*rature‘s ariel dnmght. A hardy varie'ty of 
^Mnt('r wheat ceintains thre*e' or four time's as much bound \'ate*r in its 
le'avc's as a nonliardy varie*ty. Drought-re'sistant grasM's may contain 
tern time's as much bounel ^vater as noiwlrouglit-resistant vari('tie*s. The 
de'tennination of bound wate*r in plants has bee'ii of gre*at value to plant 
breeders in the*ir de'velopme'iit of winte*r-liarely and elrought-re'sistant 
varieties of ])lants. 

Inorganic Elements. The inorganic ele'ine'nts founei in the l)ody are* 
for the me)st part very commein in nat ure*. The-re' is a st riking similarity 
iK'tween the salts eif se-a wate'r and the* inorganic e'e)nstitue‘nts of pndo- 
plasm. This fact has sometime's lic'e'n interpre'te*d as e'viele'iie'e' that life* 
originated in the* sea. 

The common inorganic ekments in the* body are sodium, potassium, 
magnesium, calcium, and iron, togethc'r with chlorides, sulfates, and 
phosphates. Othe'rs, found only in trace's and oftc'n siK)k('n of as trace* 
(‘lements, are copper, cobalt, manganese, zinc, iodine, and fluorine. 

Although the inorganic elements an* i)re'se'nt in the bealy in re*latively 
small amounts, they are nevertheless very important. In fae*t, most of 
them are known to be essential for life. C'alcium, inagnc'sium, phos- 



150 


MfNEIlAL AND ORGANIC FOODS 


phate, and carbonate are found in bones, and phosphates and carbonates 
are inipc)rtant buffers in th(* blfSKl and aid in the regulation of its pH. 
Inorganic salts keep blood globulins in solution. ('alciurn is essential for 
blcKKl <*lottirig, anil iron is a necessary constituent of the hemoglobin 
molecule. Sulfur is found in thiamim*, insulin, and glutathione; phos¬ 
phorus, in nucI(‘of)roteins and phixspliolipids. From tli(\se few examples 
it is clear that the mineral el(‘ments inu.st 1 k' important to life. 

An imi‘)ortant factor in the analysis of a food is the estimation of the 
amount of ash it coiitains. In d<*termining fish thi' sami)l(» is luxated to a 
high t<Mn|H*ralun\ so that all flu* organic matter is oxidized and vola- 
tiliztKl and the mineral matter remains. During fishing the nature of th(‘ 
mineral mat ter of fi fo(»d may b(‘ considerably altered. For example, the 
sulfur of jiroteins apis^jirs in the* form of inorganic sulffites, and the salts 
of organic fu*uls a()fK‘fir fts cfirbonfit<*s. .Min(*ral eh'iiuuits may even 1 j(* 
lost during a-hing. If th(‘re are insufficient metallic (‘limients to combine 
with thi* acids formed during ignition, sonu* of the ficids may lx* lost in 
such forms fis SOj and 11(1. Potfissium salts may b(* lost because of 
volatilization iit high teTnp(*ralures. Howc*ver, roughly speaking, the 
amount of ash in a fooil is a measure of its mini'rfil cont(*nt. 

Sodium, Potassium, and Chlorine. One of our most fibundant sources 
of stKiium jiriil chlorine in the di(*t is common salt, which is sodium 
chloride. This statement does not mean that phint and animal foods do 
not contain these el(‘m(*nts, but nit her that they are present in them in 
limited anmunts, especifilly in ])Iant fooils, when* potassium sfilts pre¬ 
dominate. FoimIs of animal origin an* richer than phint foods in siKliiim. 
The ingestion of large ipuintities of potassium salts increjises the elimina¬ 
tion of sodium sfilts in the urini*, and vice versa. Thus on a vegetable 
diet there is mon* need for salt than on a mixed diet. Perhaps the reason 
vfo use so much salt in our diet is to make up for the d(‘fieiency of .sodium 
in the vegetables which we eat. A normal mixed diet contains an ade¬ 
quate supply of sodium and chlorine for h(*alth. Ilii* average adult 
consumes alsMit 10 grams of .Mslium chloride jx*r day, and his daily 
requin‘ment is jmibably much less. 

The importance of salt in the diet is indicated by the fact that herbiv¬ 
orous animals, such as dis'r, travel long distances to reach salt licks. 
Hunters oftiui j)la(*e blocks of salt in the ii(*ighlK)rho(xl of their cabins to 
encourage d(*er to stay in the vicinity. In early Homan history we read 
of salt Ixung ustsl in pla<*e of money. The word salary comes from the 
Ijutin word for salt. 1'he expre.ssion, ‘Tie isn’t worth his salt,’^ means 
that the pt'rson isn’t worth his salar>\ (lovemments have plaecnl a tax 
on salt with the idea of taxing a commodity which everyone uses. 

Both sodium and potassium are essential for life. Although these ele- 
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incuts are quite similar in chemical properties, one will not replace the 
other m the diet. Perhaps the moit inqxirtant use of the chloride ion is 
lor the production of the HCl of ja:astric juice. In the blood, potassium 
is concentrated in the red cells, whereas sodium pn^lominates in the 
plasma. Sodium bicarl)onatc is an iiiqKirtanl buffer in tlu' blood and 
contributes to the alkalinity of the saliva and the intc^stinal and pan¬ 
creatic juices. In the blood it also fuiu^tions in the transpiirtation of 
C’() 2 , which is largely in the fonn of siKlium bicarlwmatc^. 

Most of the salt in our dic^t is cliniinatiKl from tht* bo<ly in the urine. 
In hot weather however, much may Ih‘ (diminated in the jx^rspiration. 
1 Acessive perspiration, such as occui-s in num working at high tem|K*ra- 
tures, may remove sufficient quantities of sodium chloride from the 1 ><kJ> 
to cause collapse. This reaction may Ih^ prewemted by drinking a 0.25 
p(»r C('nt solution of salt in place of watcT. 

Calcium. Most of the calcium of the body is fouixi in the Inines, 
where it occurs together with magnesium as phosphaf(^s and carbonates. 
In the blood it is found in th(‘ plasma ratli<'r than in the ceils, 1(K) cc. of 
normal serum containing about 10 mg. of cal(*iuiii. 

Variations in the calcium valuers of blood s(Tum are found in (»ertain 
dis(‘ases. In infantile* tetany, \vh(‘n* the* muscl(*s contract, calcium values 
are low. The same situation oft(*n exists in ri(*k(ts, where thvrvi is a 
d(‘ficiency of vitamin D in the diet. X'itamin I) is essential for both the 
normal absorption and the metalM)li.sm of (*al(*ium. If tlu* ])aruthyroid 
gland becomes too Jictive, caledum valiu*s may lx* very high; if the gland 
is underactive, th(‘S(» value's may be low. In dairy cattle*, milk fever is 
caused by a lowering of the calcium content of tlu* l>lood lx*caus(‘ of loss 
of calcium in the milk of higli-producing cows. 

Calcium is essential for the clotting of bhxxl. dotting can lx* pre¬ 
vented by adding an oxalate* to freshly drawn blood to i)r(*cipitate the 
calcium. 

('alcium is widely distributed in ioods. t)ne of the best sources of 
calcium in the diet is milk, when* it occurs as inorganic salts and in com¬ 
bination with casi'in. Other good sources are egg yi>lk and V7*g(*tabl(*s. 
(Vreals and lean meat an* poor sourc<*s of calcium. Alany fresh vege¬ 
tables, although rich in calcium, an* poor sourc(*s of this c'lement l)eeause 
of tlu* pres(*n(*e of organic acids, such as oxalic, wiiich form with calcium 
in.soluble salts w^hich are not absorlx*d. According to tlu* 104.5 report of 
the Committee on Foods and Nutrition of tlu* National He.s(‘arch (Council, 
a normal adult should receive in his diet O.S gram of calcium iK*r day. 
During pregnancy and lactation this amount should be increased to 1.5 
to 2.0 grams. Children .should have* 1.0 gram, and adol(*sc(*nts from 
1.0 to ] .4 grams ix*r day. 



152 


MINERAL AND ORGANIC FOODS 


About 70 p(*r rent of th(* calcium taken into the body is eliminated in 
the feees. I’hc remaining 30 p(*r cent is eliminated in the urine as salts 
of the inorganic acids. 

Magnesium. Most of tlu' niagnesium in the Ixjdy is found in the 
fK)nes. It also occurs in th(‘ iiihvr tissues of th(* lK)dy. Blood serum 
contains from I to 3 mg. ikt KM) cc., and muscles 21 mg. jx'r 100 grams. 
P(jrhai)s the most ^igni^lcant occurrenct* of magnevsium is in the chloro¬ 
phyll moleciiU*, which is essential for photosynth(‘sis, a most imi)ortant 
bio<!h(jmicai re:w*l ion. Magnesium is aKo associated with c(*rtain enzyme 
systems involved in carlKihydrate metaiKdisin and fermentation. 

Magnesium Is widely distrilmted in foo<ls, and there is little danger 
of not r<*ceiving an ad(‘(iuate supply of it in a normal diet. This element 
is <*ssential. .McCollum has shown that rats f(‘d on a diet low' in mag¬ 
nesium Income ner\ous, d<‘\(‘Iop t(‘tany, and die. The average adult 
ref|uires al)«>ut O.Jo gram of magni*sium ikm- day. Magnesium is elimi- 
nal(‘<l from the body botli in the urine and in the f(‘C(‘s. 

Magnesium coiiipoun<ls an* u.scd in iiH‘dicin(* as laxatives. Milk of 
magnesia is a suspension of magn(*sium hydroxide* in w'ater. It is used 
for the* ne‘Utraliza.liein eif gastrie* ae*ielity anel as a milel laxative. Epsom 
salt eir magne*sium sull‘jit<* a stremg laxative*. The* la.\ative action of 
inagne*sium salts said to be* e|ue* te) the* fact tliat they are* abseirbed very 
sle)wly anel the*n‘fon* n inain in the* inte*stine* as a e*e)nc(‘ntrateei solutiem 
with high eismeitie* pressure*. This ce)nce*ntrate*d solutieiii draws W'atc‘r 
from the* int(*slinal lining, tlius tiushingeait tlie* inle‘stinal trae*t. 

Iron. 'Fhe* main eiccurre*ne*e* eif iron in the* body is in the hemoglobin 
me)le*e'ule*, whie*h i> iemiiel in the re*d bleienl e*e*lls. Ih'mogleihin funetions in 
the* hloeiel as a earrie*r of o\\ge*n. He*mogle>bin is a e*()njugat(*d imitein 
miwle u}> e)f heme, whieh eoniains fe'iTeiu^. ireui, anel globin, a protein. 
Ile'ini* is siiiel to In* pn*se*nt in all liv'ing as a e*e)mpone*nt e)f emzymes 
eeinecrne'el in hioleigical o\ulati<»ns. 'Flius iron i> wide*ly distributed in 
living niatte-r. 

One* of the* main e*ITe*ets eif a lae*k eif irem in the* du*t is the development 
e)f a (‘einditiein kne>wn as nutritional anemia. Xiitritioiial anemia ofte*n 
e)ee*urs in infants wlm are keiU toe) leing on a milk diet. Since milk con¬ 
tains v(‘ry little* ire)n. in infant tV{*eling it is customary to .supple*mcnt milk 
with ire>n-e*ontaining foe>els, sueh as e*gg ye^lk. 

Aeeeireling te) the 11)40 reiK)rt e)f the* Committee on Foods and Nutri¬ 
tion of tile* Natieuial He\se*areh C\nmcib the average adult should receive 
12 mg. of irem jH*r elay. During pregnancy and lactation this amount 
should 1 h* inerease*d te) 15 mg. Children slmuld receive from G to 12 mg. 
jK'r day, anel iule)le*see*nts 15 mg. 

Pe*rhaps the* In'st semree* of iron in the diet is egg yolk. Other good 
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sources are meat, green leafy veg<*tahles, l)eans, and peas. Milk, white 
flour, and fruits are poor sources of inm. In medicine i’^on is often pn^ 
.scribed in the fonii of salts. Ferrous sjilts ai’e us(h1, since this is the fonn 
in which the body usi\s iron. If ferric salts arc' usc'd, they mu.‘'t b<' 
leduccd in the body Ix'fore th(\v ai-e utilizc'd. 

The percentage of iron in a focxi is not always an index of tlu' value of 
the food as a source ot iron. All tfie irt»n of eggs is aviiilable, whereas 
only alK)Ut 50 pt'r cent ol the iron of meat is available'. We list'd to hear 
that spinach was an (‘xcelleiit source of iron, but now we know that less 
than 25 per cent of tliis iron is availabit'. Out' would expt't't blood to bt* 
an excellent source of iron. Actually blood is a jioor source, Urau-st* iron 
ill the fonn of heme is not easily utilized. In gt'neral it may be said that 
in nutrition inorganic* forms of iron are more' available than orgiuiic torms. 

It should Ix' i)oint(‘d out that tract's ol coj)per m the dic'l an* ('ssential 
for the ju’oper utilization of iron. This rt'ciuin'inent will lx* disiussod 
under coppi'r. 

Sulfur. Mo.st of the sulfur in the body originates from f hc' proteins of 
foods, where it exists in tlu' amino ju*ids cystine and metliionine. Sulfur 
is found in the IkmIv in sevt'ial impoitant eonipounds, sueh as giutar 
thionc', the biU* salts, insulin, and tlie proteins of tht* hair and eartilage. 
During nietabolisni most ol the* sullur is oxidizetl to sulfate and is st'- 
erc'ted in the uriiu' as inorganic sulfates or in combination with organic 
radicals as ethereal sulfates. Some is secri'ted in an iinoxidizcnl fonn 
known as neutral sulfur. Tlu' lorination ol (*thi*real .siilfati* is one 
method the body has of <U‘toxifying iioisonous efanpoumls ri'sulting from 
liroti'iii metabolism. 

Since the .sulfur in the Ixxly originates from j>rotein.s, the nietalxilism 
of sulfur will be (li.seiis.s('d in nion* detail in (iiapti'i* XIV on protein 
metabolism. At (his point it will Ix'sufneient to point out that sulfur is 
e.ssential in the diet in the form of the ammo acid iiiethMUiine. 

Phosphorus. Although most c)l the jiho-^phorus in the body is found 
in the bones as an inorganic complex eontairiing ( it is also 

widely distributi'd in the body in othc*r eoiiipound'^. It is found in 
nucleoproteins, pliospholiphls, and the hexosi' ]>hoi^phat(*s. The union 
of lipids and sugars with phosphoric acid ap|x*ars to be a very im]K>rtant 
stage in their metabolism. Pbo.sphori(* aci<l is j)re.M*nt in (‘crtain I'lizyme 
systems associated with carbohydrate im'faboli.sm. (ix'atiiK' jihosphaU' 
found in muscle appears to lx* an essc*ntial factor in mu.scular contrac¬ 
tion. In the blood the alkali phosphates are iinixirtant buffers that 
assist in rc'gulating its p\l. 

One of the best .sources of pho.sphoru.s in the diet is milk, where it is 
found in the phosphoprotein casein. Egg yolk, che<;st', iru'at, and 
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legumefl are rich 8<)urcc»8 of phosphaten. Wheat bran and cereals are 
rich in phoHphoniH, but rnuc-h of it is in the form of phytin, an organic 
complex which is jKiorly utiliwHl. These fo(xls, therefore, are not con- 
g<KKl Kourc*(Ns of piiosphorus. 

According to Slierinan, an a<lult requir(\s 0.88 gram of phosphoras per 
day. (Growing children r(‘<iuir(5 l.ii grams |K'r day. During pregnancy 
and lactation w<Jinen requin* still iinin*. The reciuirement for an adult 
can b(^ met by consuming 1 ql. of milk |K*r day. 

One of the main results of a d(*fici(‘ncy of phospliorus in the diet is 
rickets, a disc^ast* chariw*t<‘riz(*<l by |M)or cal<‘ifi(*ation of the bones. 
This diseasi*, it luis lK*en point4‘d out, is also r(‘lated to the amount of 
calcium and vitamin I) in the diet. In rick(‘<s (he amount of phosphorus 
in the blood serum is usually low. 

Copper. Although copper is not pre.sent in tin* hemoglobin mol(‘Cul(j, 
it has been fotind that traces of copfST in tlu* diet an* essential for nonnal 
hemoglobin fonnatiori. An adult n*(iuires from 1 to 2 mg. of eopp(*r per 
day in his <li(»t. In (‘(‘rtain regions when* tlu* copper cont(*nt of the soil is 
low nutritional anemia is common among cattle* on pasture. 

In some of tlu* low<*r forms of Ide, such as tlu* lobst(‘r, hemocyanin is 
the blo<Kl pigment. Ilc'inocyanin is similar to lu'moglobin but diif(*rs 
fnim it in that it contains coi)per in i>lace of iron. Jlf*mocyaiiin has a 
blue color, and thus the lilood of a lobster is blue rather than n*d. 
(‘Opfmr is also pn*sent in s(*v(*ral oxidast* (*nzynu*K. 

Cobalt. Cobalt also ai)pears to b<* (‘Ssential for h(*moglobin forma¬ 
tion. In (*ertain areas of Florida and Australia catth* devt*lop nutritional 
anemia, which may b<* cun*d by iec*ding small amounts of cobalt. It is 
probable* that cobalt will lx* lound essential for tlu* proper nutrition of all 
species of animals which have lumiogloian in tlu*ir blood. 

Manganese. Mangaiu*se is thought to })lay a ])ait in normal r(*pro- 
duction. lb»ns on a low-mangaiu*se diet produce eggs which hatch 
|K)orly. Manganese* also apjH*ars to func*tion in normal bone d(*v<*lo}- 
ment. ('hicks on a low-manganese* elie*( dev(*lop pe*rosis, a elis(‘as(* in 
which the Ixmes in tlu* leg joints fail te> de»velop i)rope*rly, with tlu* ri*sult 
that the te*nelons slip enit eif plae*e and tlu* biid is unable* to .stanel. Young 
animals d(*prive*<l e)f mangan(\se gre)W' slowly. Mangane*se* ap{K*ars to 
play se)me part in ce*rtain e*nzyme .syste*ms inve)Iv(*d in carbohydrate* 
metal)e>lism. 

Zinc. Zinc is a constituent of an (*nzyme* called carbonic anhydrase, 
which is found <*s|)<*cially in the rcnl bhxiel ce*lls and is irsponsible* for the* 
conversion etf (‘arUmic ju*id into ('(>2 nnel 112(). Zinc also appears to lx* a 
constituent of insulin, a horinom* (*ss('ntial for normal carlx)hydrat(* 
metalx)lism. Hats fetl on a zinc-frt*e' dit*t gre)w sle>wly. 
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Iodine. lodino is pn*sent in the body in small amounts Most of the 
iodine is in the thyn)id ^land and is usc*d in the synthesis of tiiyroxtaii 
th(‘ active constituent of the iiitt^mal sc^^retion of that gland. Often, if 
th(‘re is too little iodine in the diet, simple goiter will develop; it is said 
that proper attention to iodine in the diet is a sun' pn'ventive. Iodine 
is especially important in the dii't during pn^giiancy. The daily require¬ 
ment of iodine for normal ix'i’sons is from 0.15 to 0.30 mg. A common 
means of supplying it at the presimt time is through the use of iodissed 
salt. 

Fluorine. Fluorine is foun<i in th(» tcH^th and bony structure's of the 
body. It is lielieved to contribute to the hardness of teetli. Lack of 
thiorine in the diet is said to 1 k' a contributing factor in the incidence of 
dt*nlal caries. Too much fluorine in drinking water produces a mottling 
(»f the emamel of teeth. 

Milk. Of (uir common foods two may Ix' considered nearly Ideal, 
namely, milk and eggs. Milk is the food which nature has provided for 
young mammals, and eggs furnisli the nutrients necessary for the embry¬ 
onic development of chicks. The comiiosition of the nuU of different 
spc'cies of animals varies. Table 7 gives the approximate composition of 
\arious kinds of milk. 

TAHLK 7 

Composition of Vakkkis Kivdh of Milk 



Fat, 

LiU’tosi*, 

Protein, 

Ash, 

Kinds Of Milk 

jMT (vnt 

|MT cent 

jHT cent 

|M‘r cent 

(\)W 

2 4 

3 5 5 

2 5-4 

0 GG-0 77 

Human 

2 4 

0 0 7 5 

0 7-1 5 

0 15-0 3 

Mare 

1 17 

0 m 

1 84 

0 3 

Aas 

1 20 

G 5 

1 G4 

0 46 


Milk for Infant Fkkdinc;. From Tabh* 7 it will lx* noted that 
the milk of the man' and that of the ass resembh* much more closely the 
composition of human milk than <loes that of th(‘ cow. For this it'ason 
mare’s or ass’s milk is a Ix'tter sul)stitute than cow's milk for mother’s 
milk. 

In comparing the composition of cow’s and human milk it will be noted 
that human milk is much richer in lac*tos(‘ and ixiorer in protein and ash 
than cow’s milk. W’he'n cow’s milk i.s usi'd in infant feeding, it is custom¬ 
ary to dilute it to bring the protein and ash conttmt down to the proper 
amounts and then to add sugar to supply the energy lost l)y lowering the 
lactose and fat content. It appears that lactosi* should Ix» the sugar 
added, but it is more common to add other carbohydrates, such as 
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Dextri-malt/)S(', which is a partially hydrolyzed starch preparation. 
Coni syrup, which contains st*veral of the doj^radation products of corn 
starch, hjis gained wide use in infant fiH‘ding. ('ane sugar gives good 
results, its mlvantage InMiig that it is readily availahlr^ in a pure fonn and 
at a low cost. At tli(‘ prcM*nt time several milk powders are on the 
market which, wlu^n dissolv<‘<l in tlw* pro{K*r amount of wattT, give a solu¬ 
tion very similar ta mother's milk in com]M)sition. These have been 
ver>" satisfactory as siilxstitutes for motiMT s milk. 

SoFT-(’t'in) Milk. One (»f the rea.sons why infants fail to do well on 
cow’s milk is that the* curds whu-h form from it arc' large* and hard and 
are not easily digc*stc‘d. Oftc'ii large* white* curds appe*ar in the* fec(*s 
of infants fe*<l on cow’s milk. Mue*h work luis l>e*e*n done on methods of 
Hoft(*ning the* curd of milk. It hits lM»e*n found that some* cows give- 
milk which forms a .softer curd than othe*rs. Atte*mj>t.> have* lK*en nuule 
to ase. foi intant fe*e‘ding, milk from only those* cows w'hich jirodue'e a 
se)ft-<'urd milk. As boiling s<»fte‘ns the* curd of milk, this practie*e* is 
common in infant leeding. It should Im* pointe-d out in this c*oime*ctie)n 
that boiling l<jwe*i*s the* vitamin pote*ncy of milk; he)we‘ve*r, this is not a 
H<*rious handi<*ap, since vitamins may Ik* supplic'd from other soure*cs. 
Anotlie*r way to softe*n the* curd is to add acid, such as lactic acid, to the* 
milk mixture*. If this is done* with stirring, the* (*as(‘in pre*cij)itate‘S in fine 
jmrticle's, wiiich a.re* (*asily dige*ste*d. At the* pre-se nt time* many physi¬ 
cians are* re‘e*omme*nding eva.porate‘d milk for mlant fe*e‘ding, sin(*e* its 
curd is softe*r than that of fre*sh milk. Still anothe-r satisfacte.ry product 
for infant fe*e*ding is homoge'iiize-d milk. IIe)mog(*nize‘d milk has l)e*en 
passe'el thremgh fine* ope-miigs unde*r pre*.ssure‘ in orde*r to ])re*ak up the fat 
globule's into ve*ry fine* particle*s. In fae-t, the* fat paiticle*s are so small 
that thi*y will not rise* to the* surfae*e to form a laye*r of cre-am. Iloinog- 
e*nization also low'e*rs the* curd t<*nsion e»f milk. 

(’on)STKrM. 'rhe' first milk produe*e*d in a lae*tation period is called 
e*olostrum. It is ejuite* diiTe*re*iit from ordinarv milk in e*ompe)sition. 
Ordinary milk has alniut Id iM*r e*e*nt of te»tal solids, w'he‘re*as colostrum 
has about ‘id |K'r ce*nt. 'Fhe* main dilTe*re*n(*e* is in the* prote*in fnu'tion. 
(’olostrum contains more* tlian Id jK*r ce*nl e>f albumin and globulin. 

It is (|uite* gi'nerally lH*lie*ve*d that it is important for an infant to 
rewive* its motlu'i's e*olostrum, whie*h has a laxative t*tTe*e*t helpful in 
cle*aning out the dige'stive tnwt of the newborn. Oolostrum is rie*h in 
antibodu*s and is the*re*fore an inii^ortant factor in re*nde'ring infants 
immune to e*(*rtain (*ontagie>us di.se*ases. The* fa<*t that infants are not so 
susceptible to many eef the e‘hildn*n’s di.se'ase*s may Ik* ex])laine*d, at le*ast 
in part, on this basis, (’olostrum is much riche*r in vitamin A than milk 
Becri'ted later in a lactation {K'riod. It may be that the extra supply of 
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this vitamin received in the first few daw of life is important for the well¬ 
being of the infant. Vitamins C and D are slightly higher in colostrum 
than in milk. 

Proteins of Milk. The main protein in milk is caseini w'hieh is a 
jihosphoprotein. When milk soui-s, tlie hu*tosc‘ i.s eonvertcKl into lactic 
acid by bacterial action. At 4.7 the isoelectric point of casein is 
reached, the casein precipitates, and the milk is saitl to curdle. Tlie 
precipitated casein is used fnsiuently as a food an<l is known as cottagi' 
ch(*ese. In the coinnu*rcial nianufa<‘tun' of clu‘ese tin* castsii is pns’ipi- 
tateil by means »)f rennin. Kt^nnin is an «*nzyin(* fouiul in the stonuwh 
^^hich conv{‘rts casisn into paracasein. Para(*ascMn in th(‘ pres<'nce of 
calcium salts forms calcium paracaseinate, which is insf)luble and pre¬ 
cipitates. This j)recipitated calcium panwjisc'inate, along with most 
of tlie fat in the milk, is rcmoveil, compressed, and alLwed to ferment 
or rip(m to form our common ch(*(‘S('. Th(‘ kind and flav(»r of tin* ch(*es(* 
depend ujKin the tyjx' rif microorganism presiait diiringthe fermentation 
process. 

Th(‘ only other protean in milk of importance* is iactalbumin. It 
res(*mbles v(*rv clos(*ly the seralbumin tif the* blood. Milk e*e)ntains also 
a .small amount of globulin. 

PASTKumz.\TioN\ Milk in the mammary glanei is ste*rile*; but, as wo 
ge‘t it, it alwayscemtainsmieroeirgaiiiMiis. Neirmally the* mie’reKirganisms 
pre'sciit are not harmful; but, .since* milk i.s such an t‘\e*e*lle*nt me*dium for 
bacte*rial greiwth, gre*at e*are* mu.st In* taken te> pn*vent e'ontamination 
with pathe»ge*nie* oiganism.s. Many .se*rious e‘])iele*mie*s e)f such elise*a.s(*H as 
typlioiel fe‘ver have lM*<*n lrjie*e*el to a e*e)ntaminate*el milk supply. In 
orele*r tei pre*\e*nt the possibility e)f spre*ading eli.sease* through milk it is 
e’U.steimary tei pasteurize it, u.sually by he*ating the* milk tei and 

heiiding it at that te»miK‘rature for minute*s. This me*the)el of heating 
hius lMM*n feniiiel suflicie*nt to de*.stre»y all pathoge*nic eirgani.sins, but many 
of the harmle*ss eirgani.sms survive* this tre*atme*nt. The* pre‘se*nc(? of 
lactic acid bae*te*ria in milk is ele*sirable* be*cause‘, if cemelitions are right 
for bacterial greiwth, the».se* bacteTia will multiply anei sour the milk. 
Many uneie*sirable eirganlsms will neit greiw in seiur milk; thus nature 
pre)vide*s a nutans of prote*cting this imixirtant fooelstufT. In Pe»nnsyl- 
vania a sixx'ial gnule* eif paste*urized milk, kneiwn as Grade A pasteurized 
milk, is re»e*e)gnize‘d. In orele*r tei Im* seilel as this graele* the milk must be 
produceel from dis(*ase-fre*e* animals unde*r sanitary conelition.s and, wh(‘n 
sold, mu.st ne)t have a bacte’rial cenint alxive 3(),(MK) ])(*r cubie* centimeter. 

Certified Milk. It has ])een shown that the vitamin peitency of milk 
is reduced by the pn>(‘e\ss e)f pasteurizatie>n, aneJ he'iice* sejine* jHTsons con¬ 
sider it desirable to use* raw milk. In order that jx^ople may feed safe in 
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feeding children raw milk, health authoriticH have allowed certain pro- 
ducera to sell their milk as c(?rtified. ('ertificnl milk is produced from 
di8eaHe-fri*e herds which are k<'f)t under rigid sanitary conditions. All 
cmploy(H‘S must i)ass a physical examination to insure that they are not 
carriers of diwase. 'J'he milk must handl(‘d in a sanitary manmT and 
must not contain inorc‘ than 10,(KK) bacteria jM‘r cubic c(mtimeter. 
Although certified milk should lx* free from dis(*a.s(‘-producing organisms, 
then* is no assurance that it is. Som<‘ pei*sons lx‘li(*ve tlmt even certified 
milk should lx‘ pasteurized, and many produc(*rs aie placing on tin* 
market pastc‘urized c<'rtifi(‘d milk. 

Milk ah a Food. Ik‘si(k‘s containing hxxl constituents necessary for 
Ixxiy buikling and en<‘rgy j)roduction, milk also supplies the vitamins 
which are so imjxirtant for la^alth. The yellowish color of cream is dm* 
mainly to carotene, a pignumt closely relat(‘d tr) vitamin A. Summer 
milk is more highly pigm(‘nt(‘d than vvint(‘r milk and also has higher vita¬ 
min A activity, "riu* greenish fluoresc<*nce of milk \\h(*y is due to th(' 
prew'nce of riboflavin, a [)igm<*nt |x>ss(*ssing vitamin activity. Kibo- 
flavin is one of the vitamins of the vitamin H complex. Milk does not 
furnish all iho vitamins in s\if!icient quantiti(*s for the n(*eds of childrc'n. 
These* deficiencie*s are tak(‘n care of by lee'ding eod-liv(‘r oil and orang(‘ 
juice. 

The value* e)f milk in the* diet has lx*4*n strikingly d(‘monstrate*d by 
Sh€*nnan, who fe*<l two groups of rats on dirten*nt di(*ts, both of which 
were ade*quate from the .standixiint of nutrients pivsent. The difTc*r(*nce* 
lx»twe*<*n the*m was that one* (‘ontaiiunl an abundance e)f milk and the 
other diel not. The group receiving the* abundance of milk live*d on the 
average about 10 |K*r ce*nt longe'r than th(»se* on the* e)the*r elie*t. Applying 
this kne)wledge te) human nutrition, She*rman be*liev(*s that the* ave*rage 
span e)f human life weuild lx* lengthe*ne*d by a meue* lib(‘ral use e)f milk in 
the diet. 

In erne re*api*ct milk falls short :is a fexxl: Its iron cemtent is not suffi¬ 
cient fe>r Ixxiily ne*e*els. If irem is ne)t supplie'el te) an animal on a milk 
eliet, nutritiemal ane*mia eleve*le>iis. At birth a chilel has a ge'nere)us 
supply e)f ire)!! ste)re*el in the liver. Rlexxl stuelie's on yemng (‘hildren have 
she>w*n that at birth the* hemoglobin cemtent anel re'el-ce*ll ce)unt are high. 
'nu*se* gradually ele>(*re*ase with age; if irem is ne)t supplie*el in the diet, 
anemiia eieve*Iops. Pc*rliai')s the Ixvst food for supplying the iron in an 
infant s diet is the yolk of e'gg. 

Eggs. Since eggs contain the necessary fe)od i*equirements for the 
embryeinic de*vele)pment of the chick and since birds have in general the 
same fexx! requiix‘ments as mammals, eggs rank with milk in their 
value as a fexxi. Since chicks, at hatching, must have an adequate 
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blood supply, the egg must contain sufficient iron for the synthesis of 
the blood. This iron is found mainly in the yolk. In milk the calcium is 
present in the form of inorganic salts and also in combination with 
casein. In-eggs much of tin* calcium is pn'se^nt in the shell, which is 
dissolved and absorbed jis incubation proccHnls. Calcium is prtwnt also 
in (organic combination and as salts in tlu' egg itself. In milk, phos* 
phorus is present as inorganic phosphates and in the phospho-protein 
casein. In eggs, phosphorus is found in the form of inorganic phosphates 
in solution and in the shell. In the yolk a phosphopn)tein callt^l vitellin 
corres])onds to the ca^f'in of milk. In the 3 ’olk there is also much lecithin, 
a phospholipid. Milk contains very little phospholipid. In milk there 
i^ arouiul 4 per cent of butterfat; in egg yolk an oil is presemt, called egg 
(»il. sugar in eggs, a tiisaeeharidc' imule up of two molecuk's of 

mannose and oiu' of glueosamine, is pnssent in small amounts. 

An egg has two jxirts, tlu* yolk ami the white. The yolk is the real 
egg ei‘ll, tlu* gr(»at(M* i)art of which is the food supply for the developing 
eiubryo, and not living j)rotophism. Arotind the yolk is the white, 
which is a secretiem of the oviduct. 

'rhe whit(» of (‘ggs is often spoken of as egg albumin. Kgg white 
contains an albumin, but this is not the* only prf)U‘in prestmt. Mon» than 
(i per e(‘nt of the prot(*in present is a globulin. TIutc is a considerable 
amount of glyeoprot(‘in in (‘gg whit(‘ which, along with a small amount of 
carbohydrate, is resp(Uisil)le for th(‘ ])ositiv(‘ Moliseh test given by egg 
white, l^gg white contains a eonsid(»rabl(* amount of sulfur. As eggs 
‘tg(‘, this sulfur is liberated in th<* form of sulfides, Avhieh react with the 
iron of the yolk to form iron sulfi<ie. This reaction is r(*sy)onsibl(‘ for the 
blackening on the surfae(' of the yolks of cooked (*ggs. 'riu* sulfidcis am 
also r(»sponsible for the blackcaiing of silv(‘rwar(' iiscmI with eggs; this 
discoloration is silver sulfi<le. The ash of the white is eoinjK)S(»d mainly 
of sodium, potassium, and eliloride, together with small amounts of 
calcium, magnesium, and jihosphate. 

Th(' yolk of the egg contains large amounts of oil, consid(Table lecithin, 
and .some cholesterol. The main ]>rotcMn in th(» yolk is vitellin. The 
y(‘llow substance* of the yolk is mainly xanthopyll, a jiigmcnt found in 
green leaves. It is Intercast ing to note that in the sumnuT, when chickens 
have access to gre(*ns, (»ggs are highly pigmented, but in the* wintc*r much 
of the pigment is lacking. The ash of the yedk is conipo 8 (*d mainly of 
sodium, potassium, ealcium, magnesium, iron, phosphorus, and silicon. 

Eggs are a fine source e)f ^^tamins; in fact, theiy are one of the few 
natural foods in which the vitamin distributiem is fairly adequate. 

Meat. In the adult diet meat is one of the* main sourct!S of protein. 
Since proteins are used by the IxKly for building tissue, and since their 
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value for this puriK).s(' df*iM*nds uiK»n the kinds of amino acids present, 
it appears that meat is a very valuable protein food. Since meat is the 
bcKly tissue of animals, it should give on digestion a mixture of amino 
acids e8p<‘(*iully suitc^l for building tin* l)ody tissiu»s of the animal eating 
it. H<*sides protein, m(‘at (contains eon.si<lerabl(‘ fat, which is valuable for 
heat and energy firodu(‘tion. Some meats, such as bacon, an* largely fat. 
Meats contain a small amount of glycogen, which serves as a carbohy¬ 
drate food. Liver is e.sis‘<*ially rich in glyc()gen. It has lK‘en demon- 
strat(*<l that a |)**rson (‘an live* on nu^at alon(‘. 

Cereal Foods. Anuuig the footLs from ceivals are bn^ad and 

broakfiist foods. They an' chissiHl jts car})ohydrat(‘ foods, although th(\v 
contain around 10 |K‘r cent of protein. TIkw ('ontain very little fat. 
They are UM‘d mainly to supply (uuTgy, but tiuy also contribute to th(‘ 
protein n‘<|uin‘m(‘nts of the* ixidy to a consid(‘rabl(* (*xt(’nt. 

Vegetables and Fruits. \'('g4‘tabl(‘s vary coiisicUsably in tlair nutri¬ 
tional value. Some, lik<* potato(‘s, which an‘ vc‘rv high in starch, are 
important jus sourc<‘S of carbohydrate in the diet. Otlu'rs, such as 
c(*le?*y and lettuc(», an' low in cjilorific f)ro|X‘rti(‘s. Perhaps oik* of the 
most u.s('ful i)rop(*rties of v(*g(‘tables in th(‘ di(‘t is that they give* bulk to 
th(* food. Many of them contain much (m*11uIos(\ which is indigestibh*, 
mui thcn'fore fiasses through the intestinal tract, giving bulk to the f(‘C(\s. 
VVgetabl(‘s contain carbohydnttc's, fats, piot(‘in.s, and miiuTal salts which 
an' utilized by the body. d'h(\\ an* als(» verv valuable f(»r th(‘ir vitamin 
content. As a ruii* vitaiuin potency i*' corr(‘lati‘d with pigmentation. 
Thus th(‘ gre(*n l(*av(*s of U'ttuct* an* lM»tt(*r from tliis standpoint than the 
crisp, colorless c('nter of tin* lK*jKt. Fruits an* important in nutrition 
lM'eaus(* th(*y contain nulric’iits and Ih‘c:uis(‘ lh(*y stimulate* tlu* ap])(*lit(*. 
(’itrus fruit.s are ('specially valuabh* hn a source of vitamin C. Nuts an* 
('Xtremely nutritious. Idiev an* (*s|)(*eiall\ rich in pn)t(»in and fat, and 
S(»me, like* the |H*anut, contain large* amounts of carboliydrate. 

In this chapti'i* we* liave* consiele*n*d ve*iy lirietly .some* of the important 
:usj>«*ets e.f foods jiiid nutrition. In conclusion it is well to (‘onsider the 
chief fae'tors in an ade'epiate dic't. Proteins must 1 k' (‘ate*!! in such 
amounts and quality jus to supply the jtmmo acids ni*ce‘ssary for the 
growth and re'pair of luMiy tis.su('s. To tlu'se* ])ro(e'ins must be added 
sufficH'iit cjirbohydrate and fat so that tlu* total food eonsuni(*(l wdll give 
the n'(iuire*d numlx-r of caloric's. An avc*rag(' |X'rson rt'quires alxiut 2500 
(•aloric's ix*r djiy. In iiu'eting tlu'se' n'eiuiremeuls foods .should bc' 
.v(dected which will supply the projH'r minenils and vitamins. This can 
l)0St iH'doiU' by including in the diet generous ejuantities of milk and leafy 
vegt't abl(*s. 
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REVIEW QUESTIONS 

1. EK»finefood. 

2. Disfuss tho importanro of water to tin* animal body. 

3. What is meant by metabolic* water? Hound wat 4 T? 

4. Name the inorganic eleimaits found in the* Uaiy and indicate the importiinct* 
of ea(*h. 

5. Comjmn* the eomjMKsition (»f human. nm V, iiian*’s, and a^^*^ mdk 

6. How IS cow’s milk nn»dili<*d for infant fecMling? 

7. Name several methods of producing soft-<‘urd milk. 

8. What IS colostrum? Why is it im|M>rtant in infant milntion ’ 

9. Name the imiMirtant jiroteins in mdk 

10. Indicate two mc'thods of jirecijntating the* cascan of milk 

11. (live the chemisirv involved m the prcnpitation of casein by nainm 

12. What is pastcairized milk? Why is milk pMsieMn/.<‘d? 

13. Wiiat is Oracle* A pjust<‘un/t‘d milk‘d 

14. What is certified milk? 

15. Discuss milk a.s a food In wliat rc*s|M*c‘t is mdk dc*ti(‘ic‘nt a foo*r’ 

16. Compare* the composition of mdk and c'ggs 

17. (\)m])are the iron ccnitc'nt of mdk and eggs. 

18. Name the* protc‘In^ of “ggs. 

19. What IS the* main ])igmcnt in t‘gg yolk? 

20. Discuss mc‘at as a food 

21. Discuss caTeals, vc*getabl(*s, and fruits as foods 

22. What factors must be consid«‘n‘d m s(d«M*tmu an adecjuati* dii*t? 
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ENZYMES 

Onr* of thi* first cxfw^rimonts fK'rformod l)y a bt^Kinnor in chrmisti^' 
is tho preparation of oxyf^en. It KClOa is h(‘ated to a high toniiKTature 
in a tChf tuiM‘, o\vg<‘n is given off at a inod(*rate rate. Howevc*!*, if 
A!n 02 uxlclod to tiie KdOn In^fon' heating, oxygen is given off at a 
lower t<'injK‘iatnn* and imich more rapidly. Finally, after all the oxy¬ 
gen has Ix'en given (»ff, K('1 aii<l Mn ()2 remain in the te‘st tube, 

Mn (>2 in some manner dillieult to (‘Xplaiii hiis hastened the decomposition 
of the K( ‘K > 3 , Such a .subslane**, which hastens a reaction and rc^mains, 
in the en<l, unchang<‘d, is called a catalyst. 

Many of th(‘ react ion^ \Nhich take* plae*e‘ in pre)tophism are* very (*oin- 
p!ie‘a(e*d. A gre‘at numiH-r have ne*V('r lH*e‘n duplicate*el in the^ labe)rate)ry, 
aiiel, of those* which ha\e*, most ha\<* Imtii carrie‘d out with difficulty. 
Since in protoplasm reactions go on with appar(‘nt ease*, it is e^videait that 
<*utalysts must play an important role*. 'rh(*s(* (‘atalysts which are* pre)- 
due'enl by living organisms have* be*e*n give'n the* name enzymes. 

To e*xplain in a simple* way he»w e‘nzym<*s and catalysts we)rk the follow'^- 
ing analeigy is u.se*ful. Let us imagine an incliiu*d plane, AB, of such a 

sle)j)e that a weight, IF, plae*e*d at A at (> a.m. 
w'ill me»ve slowly down the* plane* twiel will 
re*ach the* lK)ttom, /f, at 0 r.M. Ne)W' le*t us 
suppe»s(' that a drop e)f eiil is plae*e*d at O, a 
g jMant which the we‘ight will re*ach at 11 a.m. 
At a lew nie)ments past e*leven the weight 
w'ill re*ach tlie Indteim e)f the incline*el plane at li. The drop e)f oil has 
hiuste!ie*el the* pre)gre*ss of the W't*ight anel has ne)t lK*en use*d up in the 
preie*e*ss. In either weirels, the* elreip of oil has catalyze*el the* physical re*- 
iictiem inve>lve*el. In the* elisigram it .siiould U* ne>te*d that a dreip e)f e)il at 
() woulel U* of lu) assistane*e to the* we*ight if tlie weight elid ne>t inene 
slowly by itself. In e)the*r w'orels, the oil must ge't under the weight in 
order to lubricate it. Thus, to appl> this analeigy to enzymes, it must 
be assunu*d that reactieins catalyz(*el by enzymes an* preiceeding slowly 
by themst*lve»s. W’he'ther e'nzyiiu's can initiate* chemical reactions or 
('an only hasten theise* aln*ady in progress is a debatable question. 

It is obvious that this analog}' does not explain the che*mical mc*cha- 
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nism involved in enzyme action. Although information is not conclusive, 
some light will be thrown on this subject later in the chapter. 

Exo- and Endoenzymes. In the eariy literature ('iizynn^s w('re spoken 
of as ferments, and it was thought that then* wei-e two tyiH\s of ferments. 
Those like yeast, in which the living cell was considercil essential, were 
called organized ferments; those* like pepsin, the protein-hydi'olyzing 
enzyme in the stomach which contaiiunl no living organisms, weiv calk'd 
unorganized ferments. In 1897 Buchner ground y(* 4 ist cells with sand 
and presst'd out from this mixture* a jui(*e which fermented sugar just as 
yeast itvself did. In this way he priiVi*d that the* living yeast cell is not 
(*s.s(*ntial for the fernK*ntatie)ii e>f sugar. In other words, there* is no 
e*.sse‘ntial differenice In'twenm organizes! and imorganiz(*d fe»rnu‘nts. In 
the* one*, the e*iizynu* is in a micre)se‘e)pic e>rganism anel can In* removiHl 
after ele‘stroying the organism. In the edhc'r, the* e*nz>me is in a large 
organism from whicli it may In* se*parate*d witliemt de‘stroying the 
organism. W'he'ii Buchne*r’s me*thoel i.s ap))lie*<l te» ('th<*r se)-e‘allod 
organize*el feTm(*nts, it has hcem penssible* m most of th<*m te> separate* the 
e‘nzyme re'Sponsible* for the ft*rme*nta(ie)n, which weiiks without the ]m*H- 
cnce of the* living organism. Ilowe*\ e*r, it should lx* m(*ntioiu*el that seune 
(*nzyme*s, up to the* i)ie*se*nt time*, ha\(‘ not l)e‘e‘n se‘parate*el fre>m the 
eirganism producing th(*ni. hmzym(*s which neirnially act w'ithin the* 
arc* call(*d endoenzymes, anel tlmse* which neirnially work aft(*r th(*y have 
i>e'e*n se*cr(*t(‘d by the* ce*ll are* call(‘el exoenzymes. The* e*iizyme*s eif the* 
eligestive tract are* good cxampleNs of e*\oe*nzyme*s. 

Chemical Nature of Enzymes. ( oiie‘<*riiing the* (*he*niical natun* eif 
(*nzymes it may Ik* saiei that the*y e‘ithe*r are pi-oteins eir are* Jis.se>e*iated 
witli tluMii. Suinne'r has pre*pare*d a crystalline* globulin winch is 
extremely active* in ele*ce)mj)e)sing ure*a Jiiiel which he* l)cIie'V(*s te> Ixi the 
e nzyme urease. Other e*nzyme*s have* also lK‘e*n pre*j)are'd in a crystalline) 
fonn which are i)rote*in in nature. Senne j)e*rse)ns Ix'lieve that enzymes 
are very definite ch(*niie*al eemipemnds miie'h simj)Ie*r than prote*ins. 
Th(\v ree'oiicile* this lK*lie*f with the* pre)te*in th(‘ory by Jissiiming that the 
chemical compound wiiieii tlu’v call the* enzyme* is e*lose*ly ass(jciate*<l with 
or is carrie*d by the* pre^tcin whieii e>the*rs e*all the e*nzyme*. 

Nomenclature. The substance utH»n which an enzyme* acts i.s called 
the substrate. A ceHninem syste-m of naming e*nzyine*s is to add the 
ending -ase to the r(K)t of the sul)strat(‘. Feir example*, the* enzyme wiiioh 
hydrolyzes sucrose* is calk'd sucrase. Seunetime's an enzyme is named 
by adding the (*nding -ase to a word de*scriptiv(' of the* re*a(diem which it 
catalyzes. For e*xample, an oxidase e*nzyine catalyzers an oxidation. 
However, many of the enzymes we*re* kne>\vn long lx*fore tlu'sc systems of 
naming wore suggested. Hence many of the common enzymes are 
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UAuaily referred to by their old names. A good example is pepsin, the 
protein-hydrolyzing enzyini* of the stomach. Today it would lx‘ per¬ 
fectly projMT to sjK'iik ol |M‘psin ah the gahtru* protease 



livpHin iKiiiiit/ and Nurtbrup) lV})Mn (Northrup) 

Fif.. 10. laizyiuc Courtesy of Urs. J. It Sumner mid John II Northrop 


Mechanism of Enzyme Action. Ijttle can 1 m‘ said witli certainty 
alH)Ut how enzymes act. lIowe\er, it is lM'lie\(*d that tliey atta^di 
themselves to the substiateeithei chemically ()i h\ adsorption, rendering 
it more unstahit*. As the suhstiate bleaks down, the enzyme is lilier- 
atixl and attaches itscdf to more suhstiate, and the process is reiieated. 
Thus a small amount of enz>me reacts with a large amount of sulistrate. 
The colloitlal ntitim* of (*nzymes makes available large surfaces for the 
adsorption of the substrate'. 
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It is likely that only c'(‘riain gmufis in the ons>ine molecule are 
involved in the attachment of the substrate to it. 1'his explanation 
would account lor the fact that not all C(»lloidal substances have (^nzyme 
activity. In other words, of two proteins very similar in pix)}x*rties, one 
may tx* an enzyme and th<' other not. 'riius the two views regarding the 
<4iemical nature of enzymes ar(‘ in reality (luiti* similar. Tlu^ simple 
chemical compounds which some lM‘li(we to Ih‘ tlu^ enzymes may Ik' the 
reac(iv(‘ groups of the prot(*ins wliich otlu^rs consider to 1 h' the enzymes. 
I'j) to the pn'sent tiiiu* n<» oiu‘ ha.s isolatixl an (‘nz>me fr<‘(» from prot(»in. 

Specificity of Enzymes, hjizynu's arc‘ very s]MM*ific in their action. 
For every reaction taking phu‘(‘ in protoplasm tlu'ix' is a spcrific enzyme*. 
For example, the enzynu* sucnise will have no elT(*ct on lai'tost*. which 
n^quires lactase for its hydrol\>i^. PiMhaps the* be.st I'xample ot .spiri- 
ficity is found in the enzyiiu's which ehsstroy the dt'vtro variety of an 
optically active substance* Imt leave* the le‘ve» vanc‘ly untouch(*d. Ad¬ 
vantage* is take*!! e)f tliis fae*t in pre‘paring le*votartaric ae*iel from the nM*o- 
mic acid by ele‘stre>ying the* eie‘xtre» variety with a s|)e*e‘ie‘s ot hivilHvm. 

Reversibility of Enzyme Action. ]Me)st of the* ehe*inieal re'ju'tiems 
taking plaex* in jireitoplasm are* re'vei’sible*; that is, the* re*ae*tie)n may pro- 
e*e(*el in eitlu*r eliivctiem, de*iH‘nelmg upem cemelitions. A re*ve'rsil)le re*ae- 
tieai eloe*s not ge) to e*e)m|»le*ti()n unle*ss tlie* e*nel-pn)elucfs e)l the* rcjudion are 
remov(*d. Tiide'r neirmal cemelilieuis the* re*aclie)n proe*i*(*ds until an 
e*quilibrium is estal)lishe*d. \Vhe*ii (*thyl ae*e*late* is allowe*d te» stanei in 
ce)ntae*t W’ith w^ate*r, it sleiwiy hydre)lyze‘s te) feirm ace‘ti(‘ aciel and ethyl 
aleeJiol. 

0 () 

CHaC -<Kyi 5 + Il20;=iai;,( -OH + (' 2 II 5 OH 

r.thyl ucetate Aeolic acifl nOi^lulcohol 

If ethyl alcohol anel ae*e*tie* luid are mixeel, fli(*y will slowly combine to 
form ethyl acetate* anel w’ate*r. Ae*e*e)jeling tei the* law ol mass action, the 
speed e f a reactiem is iireijieirtional tei the e*onc<*ntration of the* r(*iicting 
suhstane*es. In the for(*going (*ejuation, if euje* start(*el willi e*thyl acetate 
anel water, the* ce)ne*e*ntratie)n of the*se* .substane*e s woulel be* bigb, and the 
reactiem w’ould proce*<*d frean left to right. As soon as ace*tic acid and 
ethyl alcohol were feirmed, the*y wemlel n‘act with (*ach e)ther to rev(»rs(* 
the original re*aetion. At first this r(*actiem would be* ve*ry slow because* 
the eemcontration f)f acetic acid anel f*thyl alceiheil weaild lx* low. How¬ 
ever, as the* eoneenlrations of these two substances incr(*as(‘d, the* spe*etl 
of the reaction fn)m rigid to left would incre^ase*, until finally it wemid 
equal the speed of the reaction in the? e)pi)osite diree tiem. At this point 
equilibrium would be established. If an end product of either reaction 
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was removed, tlie reaction would go to completion in the direction of the 
removed end product. For example, if after equilibrium had been 
reached, Homething was added which would remove water, the reaction 
would pnK*(*ed until all the a<‘otic acid and ethyl alcohol had united to 
form ethyl acetate. 

EnzyincH a<ld(‘d to a r(*acting mixture* do not cause the reaction to go 
to compi(‘tion but simply hasten the c‘stabli‘‘hment of an equilibrium. 
The same enzyim* will hast(‘n the e(|iiilibrium in eithi*r direction. Thu.^ 
if to an ethyl fj,r*<*<ale-w'at(‘r mixture an est(‘r-hydrolyzing <*nzynie is 
added, the tester hydrolyz<*s very rapidly to form the ecpiilibriuni mixture. 
If the <‘nz>m(* i" lulded to an alcohol-acetic acid mi.vture, the same 
equilibrium mixture is rajiidly fornusl. What has just lK*en said is an 
example ot tlu* reversibility of enzyme action. 

When ])r<»t{Mn is (‘at(*n, (‘iizymes in the digestive tract h 3 '’drolyze it to 
form amino ncids. Hk's!' amino acuK, which are the* en<l products of 
the reaction, are lemoved by lx*ing alisorlxsl into the blood stream. In 
this way it is ixivssibh* for the reaction to go to completion. In the 
Ixidy tissu<‘s possibly the stime (*nzym<*s an* responsible* for the s.ynllu'sis 
of these* ammo aciels into tissue* prot(*ins. 

Conditions for Enzyme Activity. The* rate eif euizyme {M‘tivity is 
influen<*e*el by many fiwteirs. Pe»rliaps the* meist impe)rtant are tempera¬ 
ture, hydrogen-ion concentration of the medium, and time. ()th(*r 
ffu*te)i>i wliie'h may In* mentione*e] an* e*e)nce‘ntratiem of the e'iiz>me*, 
Hiilislrate, aiiel e*nel proeliiets, e‘le*etie>lvte*s })n*s(*nl, anel light. Thus 
it is eibvieuisly eliflie*ult to state* what the* eiptiinum e*onelitie)n is, w'lth 
n»s|x*et te) any eaie of these fae*tois, sine*e* it may elilTer with a variatiem eif 
the e)th<*r fae’teu's. 

It IS a ge*ne*rally known fact that the* s|K*e*d e»f a che*mie*al reaction 
incre»jise*s as tin* teinpe’ratun* rise*s .\ce*<»reliug to Van’t IleitT’s rule, the* 
sp<*e»<l e)f a e*hemie*al re*ae*tiem de>uble*s e)r tre*ble*s for e‘ve*ry J0°(\ rise* in 
tempe'ialuie*. 'rhe* elegre'c tei which a re'iiediem is ^jXH'ele'd up by a 1()®(\ 
rise* in te’ini)e*iatuie* is known as tlie* temperature coefficient eif the redac¬ 
tion. In reae*tions e*atal\ze*el hy enzymes ttus rule holels te) a certain 
point, at whie*h the*re is a rapiel falling e)tT eit activity. This ele*crease is 
explame‘el e>n the basis e>f inaetivatieui of the enzyme by he*at. In e>tlie*r 
w'ords, the action of the* e*iiz\’nu' may Ik* hastcmeHl by higher te*mi)('ra- 
ture's, but a point is se)e)n re*ae*he*el w!u*re the* de'structiein e)f the enzjune is 
the pre*ele)minating fae'tor anel tlu're is a sleiwing up e)f the rate e)f the 
re*actie)n e*auseMl bv the original amount eif enzN'ine present. 

Sine*e the* spe*(*el e)f a i*he'mical ivaetiein is measure*el bv the amount of 
chemic'al change* proeluce*d in a given time, it is a])parent that the time 
factor entens into all enzjmie studies. In determining the temix?raturc 
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at which an enzyme n'^action is prot‘i»€Hling most mpiclly, tht' time allowed 
for the enzyme to act must Ix^ eonsideriHl. An enzyme jaay catalyze* a 
leaction very rapidly for a short jH*riocl, but over a lonp pc*riod of time 
the enzyme might lx* destroytMi by the high temperature ami tin* anumnt 
of substrate chaugiHi would Ih' very little in comparison to that changed 
at a lower temixratun*. Thus it is evident that a statc'inent that an 
(‘iizyme iw'ts Ix'st at a certain tem|x*rature or pH applies only for a given 
st^t of conditions and may not true if these* condi'.ions an* altc*r(*d. 

The s|x*ed at which an enzynu* rc‘ji(*tion procc'inls is gr(*atly influenccxl 
by temjXTature. The tenijxraturr* at wliich the* leaction go(*s on most 
rapidly is said to lx* the optimum temperature for tiuit (*nzyme. The 
optimum tem]K‘rature for most of the lx)dy ('iizynu's undi'i’ onlintwy 
conditions is around to 4r)®(\ Some enzymes have theii optimum 
at a higher tc'mixrature. In general it may lx* said lhat low temfx*ra- 
tur(*s eio not destroy an (‘iizyine. Its activity returns upon luxating to 
optimum t(*m|XM*ature. "lVm])eratun\s of (>0® to 8b^( howwer, |xrma- 
ii(*ntly (l(*stroy most (‘nzynics. 

Enzyme action is also infhuiicexl by the* rcm^tion of llu* mexliuni or its 
pH. Each enzyme works best at a rathe*!* <le*linite* pH, whie*h is s|H>ken 
of as the eiptimum. The* e)j)tiimim varie*s wiele^ly feu* elifTe*re*nt e*nzymes. 
P<*I)sin is me>sl actives at a pH e)f 1.0, where»as trypsin, the* prote*in-splitting 
(‘Iizyme of the pancre*atie juice*, work< lM*st at a />H of S.l. No e*nzynm 
works be*yon(l the* range* of pi I 1 to l.‘k 

Activation of Enzymes. Some* e*nzyme*s, iis pre)(luc(*(l by the* c(*ll, are* 
inactive and rexiuire* anothe'r substance to ae*ti\ate* the*m. The* inactive 
form of an euizyine* is calle‘el a zymogen, e»r proenzyme, and the* sui)stance* 
which convcils it into an active* loim is calle‘(l an activator or kinase. 
In the* stomach IK’l is an iwtivator which converts inactive* pe*psin(>geu 
into active* pe'jisin. In the* iiite*Mine* inactive* trypsinoge*!! is activate*d by 
e‘nte*re)kiiiase', found in tlu* intestinal juie*e*. It is customary to use* the 
te*rin activator for inorganic sul)stance‘s and kinase* for organic substance's 
which eictivatc i)rex*nzymcs. Thus H(1 is an iM*tivator; (*nte'rokinase*, a 
protein, is a kiniuse*. 

Coenzymes and Apoenzymes. Many e*nzymc*s uppe*ar to be* made up 
of two parts, one* of which is a prote*in and the* other a simple*!* organic 
compound. The*sc two fractions apiH*ar to lx* in loose* che‘mical combi¬ 
nation. AVb(*n .such an enzyme* is submitte*d to dialysis, the* protein 
fraeition does not pass through the me*mbrane, but the* simple*r organic 
compound dex*s. The protein part of the* e*nzyme has bee*n callf*d an 
apoenzyme, and the part which passes through the m(*mbrane has Ixjen 
called the. coenz3naie or the prosthetic group e)f the* enzyme. N(‘ither the 
aiKX'nzynie nor the coenzyme is aetive by itsi'lf; but, when they arc 
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mixed together, the antivo enzynie is n»genorat(Hl. Apoenzymos, bomg 
protein in nat are (l(‘Htr<)y(‘d by heat, probably Ix'fause of coagulation. 
Coenzyiiics arc not <U\stroy(*<l by h(‘at. 

(lot'nzyiiK^s aptM^ar to lx* sfx'cial ty^x^s of kinasc^s, and most of those 
which ar(‘ known arc as.so(*iatc‘d with bioIogi(‘al oxidations. The chemi¬ 
cal composition of many of tlu^m is known. More will In* said about 
their natun* and mode of a<‘tion lalc^r in this chapter. 

Inhibition of Enzymes. We liav(‘ merit ioinxl substanc(‘s which act 
as activators for enzyme action. 'rhcT<‘ arc‘ also substances which act 
as inhibitors tc» <'nzyine action. Salts (»f In'avy metals, such its mercury, 
when ml<led to enzyme solutions, inhibit th(‘ir action either by jinH'ipi- 
tating the enzynu* or by uniting with the :M*tiv(* groups in the enzyme 
mok'cule. 

In the Ixxly then* are important inhibitors of (‘nzyme action eallerl 
anti«*enzymes. It is thought that tb(‘ reason for our not <iigesting our 
own stonuwbs and intestin<*s, which an* prot(‘in and should lx* hydrolyzed 
by proteas(‘s. is I In* pres<*iicc* of anti-enzym(*s in the living tissu(‘s of the* 
sUinuK*!! and in1<‘stinal Immg. 'rajM*wonns an* not dig(*sted in the dig<*s- 
tive tract of the host hecaus(* of anli-<'nzymes which th(‘y contain. If 
n'fK'ated doses of rennm, a milk-curdling <‘nzymc, an* inj(*cled into a cow’, 
the milk from that <*ow will no hinger lx* <*unlled by n'nnin. It is he- 
lic\'(*d that an antienzyme, wliich inhi)>its the action of n*nnin, has h(*(*n 
[irodticed by tin* cow and s(‘cn‘t(*d in tlie milk. If tin* (‘iizyme ureast* is 
injected into a ehickeii, tli(* lilood ol that eliiek(*ii will contain anti- 
ureas**. ' 

Classification of Enzymes, 'ria* aecompanying c'lassiheat ion (sf*e ])p. 
Ih9-170) lists some of the more important <*nzynu*s, as W(*ll as the oeeur- 
renee of <*aeh, lh<» suhstrat<* up<»n which it ac'ls. and the end products 
which it pniduc**s. 

Of tin* ('iizymes listed in tlu* elassiheation, most are as.soeiated w’ith 
the hydrolysis of the suhstrat**. The carbohydrases hydrolyze earlx)- 
hydrates, tlu* esterases t'sters, tlu* nucleases nuch*ie acid, tin* peptidases 
polyiH'ptides, and the proteases pmteins. 'Hie exceptions to this state¬ 
ment are zymase and tlu* oxi<las<*s. Zymase is an <*nzym** found in yeast 
which ferni(*nts sugar to ethyl al<*oh(»l and ('()i>. It is very likel.v that 
what W(* call zymas<* is not a single eiizyna*, hut a group of sc*veral sfH*ci- 
fic **nzym<‘S, «’ach of which is iiss«)eiatt*d w'ilh «»iie st**]) in a complicated 
series of n‘a(*tions which take plact* when sugar is fermtmted. The 
oxidases an* **nzynu's associate**! with oxiiiations. Sine** it is from oxida¬ 
tions that the* IxhIv d**rives its **nerg>\ it is obvious that this group of 
enzynu's is of gr**at hieilogieal importance. 

Urease, the enzyiiu* wh*ch hydnU-zes ur**a to C(>2 and NH3, is of 
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Name 

1 

( >eeurrenee 

1 

Sulist rate 

CarhohydTQscs 


('arlMihydraU's 

1 Ainylast's 


Stari'h 

a. Ptyalin 

Saliva 

Stareh 

h. Aiiiylopsin 

Panereatie juiee 

Stareh 

c. I)iast4ise 

Plant.s 

Sfireh 

2. Laetast‘ 

IntesdTial juiee 

l^ietos(» 

MalUis(‘ 

!nt<*stiiial juiee 

Maltos** 

4. SucTas(‘ 

lnt4‘.stinal juiei* 

Sm‘ro.se 

."j Zymase 

\ east 

Supars 

(ilucnsndaacs 


(diH‘osnles 

1 Mmolsin 

Plants 

»•)*-( fluc*fisid(‘s 

2 Malta.se 

^'east 

<r-( •lu<*osidt‘s 

A’s/< ratt s 


I .sift’s 

1 Lifiases 


hits 

a Sl<*apsin 

PaniTeatie juiee 

Fats 

h Vegetal ill* 

< 'astor lieaii 

Fats 

lipasi* 



2. Pliosphatasi* 

"Fissiies 

t hpame pliosjihati 

.» (Miolineest«*ra.M* 

Hi'ain and 

\eetyleholme 

V uch a.s( s 

mosele 

\ueleie a(*id and 

1. \ueleieaeidase 

Intestinal juiee 

dem.atives 
\ Helen* aeid 

2. NneliHitidase 

Inle.’-tinal juiee 

\in liMitides 

Noeleosidav* 

'I’ls-sue." 

\m l<*o.sides 

htutfiinaMN 


\iMitio eorniKiund' 

I 1 ’r(*as<^ 

So> 1 leans and j.aek 

Frea 

i*vfdidnscii 

1 leans 

Peptides 

1 .\mmo|K)ly- 

Intestines 

I*olyjieplldes 

p ‘ptida.se 



2 CarlioxyfHily- 

Panereas 

Polvis*ptnle* 

IH*ptidas<* 



•i. Pnilinasc* 

Intestines 

Polvja*tides niii- 

4. I>ip<*ptidius(* 

lnt<*<tines 

miiiinp lirnli'M* 
Dipeptic’es 


m 


Kiui IVtMiiicts 


Hytirolytir pnjd- 
lu-ts 

Maltose 

Maltose 

Maltosi* 

Maltose 

(iliieos(» luul KHlae- 
tose 

(ilueosi' 

(•lueost' ae<l fpu*- 

lOM* 

lltliyl alecktiol and 
('(>2 

Sii^ar, ete. 

ete. 

*‘*'*iie il, ete 
\eids mimI nleoliols 
l‘att V aeids and 
^5lye4'n»l 

1‘atty aeids and 
ttlveerol 

Fat IV aeid.s and 
ulyeen)! 
ll,l*Oj, ete. 

('linliae and 
act he arid 
ny!lrol>lii* pro<i- 

urts 

\oeleolnles 

\ ueleo^nieh and 
Hd'Oi 

Sonar and purineH 
or pynniniiiies 

(’< >2 and Nila 

Simpler pej)ti<les 
and ammo aeidh 
Simpler peptide*^ 
and amino aeids 
SimpliT peptides 
and amino ueids 
I Simpler p<‘ptidcs 
and ammo aeids 
1 Ammo aeids 
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Name 

Occurrence’ 

SuKstrati’ 

End Products 

PTOtmuen 


Proteins 

Hydrolytic prod¬ 
ucts 

1. Pef)Hiri 

(hihtnc juice 

Pnitems 

ProU’OM’S and 
jM’ptones 

2. Tryiwin 

I*anen‘utic juice 

Proti’iris 

i*rot(s>seh, iK*p- 
toiies, and 
lH)lypcptides 

a ('hyiiiotrypHiri 

Pancreatic juice 

Pnit4Mn« 

Proteoses, jK’p- 
tones, etc. 

4 . (yathcfiHiri 

Amiiuil tiHMueh 

Proteins 

Proti’oscs and pei>- 
tone.s 

5, Hroin^’lifi 

PineappleH 

I’rotiiins 

Prot^sisi’s and 
tones 

6. Iti’niiiri 

(ia**<ne juice 

(Vsein 

Paracasc’in 

IkmrhtTiilaiiHQ 
rnzynu a 




1. (’urhowliiw’ 

Vejwt 

nr-Keto a(‘ids 

OOo and aldi’hydes 

2 ('arlionir 

Ited hlood cells 


(’0>and 11.0 ' 

utiliyelniHi’ 

OxifkwH 



1 ('utiilase 

Plant and animat 
(issues 


Molecular Oxygen 

2 IVrevuiiw’ 

Plant and animal 
(issues 

Organic |H’n)\ides 

.Nasei’iit oxygen 
and oxidation 
pnaliicts 

H. Tynisiiiiim* 

Plant and am mat 
(issues 

'I'y *'>*'•(*** 

Hlack oxidation 
prinlin't 

4 Unnist- 

\ninial (issues 

Trie a< id 

.Mlantoin 

ft Dehydrogenases 

'fissues 

Organic 

0\i<lalion 



cf impounds 

]»roduets 


sporilil interest to th<' bioeliemist Ix'eaase it is us(h 1 in th«‘ (h'tennination 
of urea in blood and urine, "rhe samples to lu* analyzcMl are tr(*at(‘d 
with tlie enzyme, and tin* NHa fonned is removinl and det(*rmined by 
titration or by a (•(♦lorimetrie method involving (hi^ use of Nessler’s 
solution, vvliieli pves a brown eolor with ammonium salts. 

'llie phosphatases are reeeivins considerable’ attention at the present 
time. 'Hu'y hyelrolyze' phovsptiorie c'stc’rs of organic compounds. 
These organic plmsphates are im|K>rtant factors in carlxihydrate and fat 
metalxilisin ami boiu' formation. 

Choline esterase is tlu* enzyme which liydrolyzes acetylcholine* to 
choline and a<*etic aciel. The* iin|K)rtance of this reaction was discussed 
in Chapter IV e n lipids. (See p. 111.) 

I'ntil rtK'ently an c’lizyme called ert'psin W’as believc'd to be responsible 
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for the hydrolysis of proteoses, peptones, and polypeptides to amino 
acids. The present conception of pn)t(‘in hydrolysis ir. the dig<«tive 
tra(*t is tliat pepsin hydrolyzes pnitein to prot(H>sf»s and peptom^s, trypsin 
hydrolyzc^s protc^ins or pit)teosc's and iHptoni^s to iK>lyix'ptide8, and 
finally the iK)lyix'ptj(ies an* hydnilyzc'd by a gi*oup of enzymes called 
peptidases. In other words, what was once known as en'iwin has now 
l)et‘ii shown to Ix' a mixture of iM*ptidas(\s 

A iK)lyiM'pti<le is a chain consisting of si‘V(*ral amino acids with a free 
amino group at (»ne end and a free carlHJxyl group at the other. It is 
thought that, when polypejitides are hydrolyzed by iH'ptidasi»s, one 
amino acid is splijt off at a time. If the amino acid containing tin* free 
aioirio group is split off, the <*nzyme causing th<* hydrolysis Is called 
aminopolypeptidase. If the amino aci<l containing tlu* fnn* carboxyl 
group i.-H sjiiit off, th(* enzyme is called carboxypolypeptidase. If prolinc, 
an amino acid containing an imino group in pla(*c of an amino group, is 
on th(* end of the (‘hain and is first split off, tlu* (*nzyme is calk'd prolinase. 
Dipeptidases hydrolyze dip(‘ptides only. 

Cathepsin is a proteolytic (‘iizyme found in all animal tissues, espe¬ 
cially in till* liver, ki<lneys, and spleen, which is concerned with the* autoly- 
si.s or M If-digestion of animal tissue after death. If is inactive at neu¬ 
trality ])ut beeomr's active at a /d! of *1 to 5. I'luring life* IkxIv tissu(*8 are 
nearly neutral, but after d(*ath lVrm(‘ntations occur, resulting in the* 
l»roduction of acids which cliange* the* /dl te) a |>oint whe*r(* (*athepsin 
b<*coim*s active*, with the n‘suit that tissue* pre)te*ins are cemve’rted into 
prote‘ose‘s and j)e*ptone*s. ( afhe’psin may be* an important factor in the* 
age'ing ejf meat, making it iimre* te*nele*r. 

Bromelin, a ])rote»olytie* e*nzyine* fe»und in pine*appli*s, is e)f six*ciul 
intc’ri'st te) the he)usewife*. In making fruit ge‘latin d(*sse*rts fre‘sh pine¬ 
apples cannot be* us(*d because* the* breimelin pr(*se*nf will hydreilyze* the* 
ge*latin, fe>rming prexlue’ts which will ne)t ge*l. ('oe>ke*el pine*apple may be* 
ii.s(*d Ix'cause coe>king ele*stre)ys the* e’Azyme. . 

Biological Oxidations and Reductions, 'rhe* he*at and me*chanical 
(*ne*rgy of the* bexiy arc a re*sult of bie)logical oxidatieins, \Mie*ncver there 
is an oxieiatif)n, the*re* is always a rexluction of the* eixidizing age*nt, so that 
it is pre)j)e‘r te) cemsiele*!’ e)xidatie)n anel re»ductie)n toge*the*r. ( arlx)hy- 
elrates, fats, and j)re)te*ins, the* main source*s e)f bejely (*ne*rgy, de) not oxi¬ 
dize e'asily in tlie* pr(*senc(* of atmo.sphe*ric oxyge»n, but in the Ixxly the*y 
are* readily oxidiz(*el; h(*nce it is appare*nt that e*nzymc*K are* involvi'd in 
the proce'ss. Thf*.se enzyme*s are calleHl eixidase*s. 

The* eh(*mistry inve)lv(*d in biological oxidations is not bo simple an 
that about which we have b(*en sjx'aking in connection with the hydro¬ 
lytic enzymes, and our knowledge is not complete on this subject. How- 
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ever, an attempt will in* made to jKrint out a few of the known facts 
regarding biological oxidation. 

In b(;ginning chemistry a comnum di^finition of oxidation is that it 
is the taking on of oxyge^n or the removal of hydrog(‘n from a com|K)und. 
It is tli(Mjgfit that both these* pre»eesM‘s may eiccur in biological oxidations. 
The enzymes inv<»lved in the* taking eni of oxyg(‘n are (*alh*d oxidases; 
thos<» involveel in the* removal of hydrog(‘n an* eall<‘d dehydrogenases. 
()xidiJLS(\s iic* by converting mol(*eular oxygen to atomic o\yg(*n, a lK*tt(T 
oxidizing ag(*nt. I)<*bydrogenii.s<‘s jwt by activating liydrogen atoms of 
the substrate, n’Tidering them n*adily n‘movable by some* easily n‘ducible 
sulwtanee wliieli m\l^t be presi’iit in order that tb(* n'aetion may proeeed. 

lVrhaf)s the simplest form of biohigical oxidation is one in which 
dehydrogenase a*-tivates two hydn»gen atoms of the sul)strate, which 
unite with mol(‘<‘uiar oxygen to form 112^ >2 J^^^d the oxidized substrate. 
112^)2* which is toxic, imm(Mliat(‘ly converted into 112^) and (>2 by the 
enzyme eatalnst*, which is pr<‘S(‘nt in all cc*lls. Hu* r(‘actions involved 
?nay b<‘ expressed thus' 


Substrate* 


I>ch><lr<iKcnam* 


SubstratoC 

i* 


II 

+ Oj)—►Il202 “b Oxidized 
II \ bubstrato 

\ 


H2O -h O2 


in this leaction tlu* n*mo\al ol iwtixated h\(lrog('n from the substrate 
is a laiih simple pioc(*ss In most biologual oxidations th(» pioeess 
appears to be niucli moie eomplicated, in\i>l\ing s<*\eial int(*imediate* 
ste'ps. The fust s((»p, as in tin* n .a tion outlined, in\<il\('s ihi* actuation 
of tw(» ludiogen atoms ut the substiate b\ (l(*bvdiogenase The acti- 
Aated ludiogeiis me then liansleiied to an (‘Jtsil\ ledueibh* sulistanee* 
calleel coenzyme. 'Die i(duet*d ecx'iiZMiu* iH'xt tiaiisteis its actuatt'd 
!i>drogcns t ) a flavoprotein. Next tlu* uMluc(‘d thuoprotcMii tiaiisfeus its 
actuated ludiogem to cytochrome. N(*xt M*due<*d e\toehiome tiaiisteis 
its activated li\dr('g(*n to cytochrome oxidase, finally n*dueed evto- 
chronie oxalase* is oxulizesl to (\U<lnf>nu oxidiuse l)\ nu>h‘culai oxxgen, 
a react on in whi<*h water is loinnsl \Mial lias just lieen said may Ik* 
represented diagiammaticallj assliown on ]>ag«* 173 . 

The inti*rm(*diat<* ei mpounds in\ oK e*d in t his si heme* are all sometime's 
speiken eit as e’e e'nz\ me*s "I lie* een'iizynu's may Ik* ioeike'ei upon as a 
bucket brigaele transte'rnng activated luehogen from the sulistrate to the* 
end product, II.O It should Ik* neitenl that, as long as w*ate*r us b(*ing 



CX)E\ZYME I AND II 


173 


formed, the reaction will continue to irn’m^l fnmi left to right. As eacii 
rt'<luml intcnn(Hliate comiKHmil passt^s on it.s {W'tivat'Hl hy(in)gen, it 
letunis to the oxidiztnl stat(\ in which loriu it may ae(*ept more hydrogtai 
and thus kwp the n*action going. 


Substrate^ 


Dchydrogi'fjusf 


II II 

/ R<‘ducod/ 

Substrate -^ roenzymo 

\ CocU/}MV 

n II 


pruU'lu 


Reduced 

flavoproteiu 




Ri‘duced - 
cytochrome^ 


,11 


H 


C>t(H*htoini‘ 

OXiUaM! 


Reduced /' 
’ cytochrome oxidase^ 


II 


HiD 


U 


Coenz3niie I and II. <\)U.sider:d)le known et ium ithiig tiu* chemical 
stiucture of tlic int(Tm('diat<‘ c<»miK)unds. 'riieie art l\\<> c<M»nzynies, 
known as coenzyim^ 1 and II. Both are tlimuieotides l)Ut <li!Ter from 
e:ich other in that e(K‘nzyme 1 contains two molecul(‘s of M«,P( whcn*as 
coenzyme II contains thr(*(' Tluir structures ina> Im‘ n‘pn‘s(*ntiMj tlius: 


Nicotinic acid ainidi 

Adenine 

1 

d-UilioM* 

d-Hihose 

H.iPO* 

Tof n/\ nu» 1 


Nicotinn* acid amid<‘ 

\<leniiic 

d-Hiho.se 

1 

d>Hlho.s(' 

II,HO, 

1-ll.d’^h 


(’oen/.MMf II 


Tlie active part of the cotaizyine molecules wlncli act as a hydrt)gen 
accej)tor apjM*ars to l)e nicotinic acai amide. 

H 


() 

H-(■ r xna 

H (’ (’ H 

\ 

Nicotinic acid amide 

In the coonzyTTiP molecule the nicotinic iwid amide is attached to d-rihost*. 
In thi.s compound thc^ nitrogen is thought to he ismtavalent. In the 
pr(\sence of activated hydrogen the nitrogen lH*cf>ines trivalent, thus: 
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I 

c; o 

/ \ / 

H—(; C—C~NH2 

II I 

H—(>’ 


C-H 

\ /■ 

N 

I \ 

H ('1 

OsKiized f'trm 


H 


C O 

/ \ /■ 

H-C ('-('-NH2 
+ 2 H ^11 I /H + HCl 
II—C 

\ / 

N 

I 

R 

liiMlucorl form 


ThuH inic arid aiiiich* arts as an oxiflizin^ a^f^nt by rnnovinR hydro¬ 
gen from thr Mibstnito. It should Ik* pointed out that nirotinir acid 
amide is ess«*ntial m the died an<l is one of th(* vitamins ot the B complex, 
which will lH‘<liscusH(‘d later. 

Flavoprotein. As ha- i)4‘<‘n poinleri out, r(Mluc(‘d nicotinic acid amide 
pasH(*s its iM*tivat(‘d hy<lrogen on to a flavoprott la. A llavojn-otein is 
compos'd of a protein combined with a nucleotide, which yields on hy¬ 
drolysis flavin, d-rilH).se, and naP()4. Th(‘ active part of the inokrulo is 
the flavin, which accepts hydrogen as follows: 


n R 

I I 

C N N 

/■ \ / \ Z' \ 
e (’ ('=<) 

I II I I +211- 

(’ (’ (’ N-H 

\ / \ / \ / 

X C 


(' 

I 

II 


FUvIa 


O 


n 


R 


H 


(’ N N 

-/ \ / \ / \ 
CHa—(’ C C-0 
i II II I 

CH3-(’ c c n-h 

V 

I I II 

H H O 

Reduced flavin 


It should be pointed out that a compound composcHl of d-ribose and 
flavin, called rilx>flavin, is a vitamin found in the vitamin B complex. 
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C uicliroine. From reduced flavoprotein hydrogen is (mssed on to 
cytochn>me. There are thn»e known cytochnwnes, referr^ to as a, b, 
and c. The cytochnmios art' conjugated proteins combined with an 
iron-containing compound similar to heme, the pigment in bl(K)d. The 
chemistry of lumu' will lx‘ di^cusstd later. (Set» ]>. 265 .) In oxidised cy¬ 
tochrome the iron has a valence of 3. and in nduce<l cytochrome a valence 
of 2. Thus the iron ap]>ears to Ik* the active part of the molt'culo in 
oxidat ion-nduction n'actions. 

Cjrtochrome Oxidase. final compound acting as a h>dix)gen 

acceptor in the foi*egoing sclH^me is cyttK‘hrome oxidustx Little is known 
about its chemical nature exc(‘t)t that it contains iron. It ap|H*ars that 
hen', tcK), iron is the essentiiil part of the molecuU', acting in a n.aimer 
similar to that of its action in c\vtochroine. 

Glutathione. B(‘sid(‘s the hydrogen neeeptoi's mentioiMMl th(‘re an‘ 
two other compounds found in tissues which may play an imiMirtr.nt part 
in biological oxidations and reductions. TIh‘s<* comjH>unds an‘ gluta- 
tliiom' and ascorbic a(‘id. 

(diitathiom' is a tri{M'pti(ie composed of glycine, glutamic acid, and 
c^'steine. The im])ortant part of tlw' mok^eule is the SII group of eys- 
teim*; therefore its formula is writt(»n HSII, where H represents the 
gn*ater part of the molcMMile. It (‘xists in t\vo forms, nnluce'd and 
oxidized 

2 KSI 1 . RS SR + 2 II 

UoUuctHl Oziduod 


In the oxidizc-d fonii it coulfl act as a liydioRon aopoptor and thus as a 
cocnzynip in a biological oxiilation. However, it inimt lx‘ said (hat the 
<\acl role of glutathione in hiologieal oxidations and reductions is not 


' lown. 

Ascorbic Acid. Ascorbic a<-id or vitamin C is (he oth«‘r eoin|Miund 
found in tissues whicJi should Ik* able to fumlion as a coenzyme or 
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II O 
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HOC—H 
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CHaOH 

^A(00tbie•wid 
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H(3- 
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I 

f^HaOH 

Debydroofcorbio acid 
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carrier of hydrogen in hiologieni oxidations. It may exist in two forms, 
the rcxIuwKi fonn, eall<*d /-aseorbie aeid, and tin* oxidiz(*d form, railed 
dehydnjaseorhif ai*id. I)<*hydroiisrorhi{* acid should Ix' able to act as 
a hydrogfii jw*c<»ptor in a biological oxidation. lVrhai)s its value as a 
vitamin is that it is (ssential fc»r certain biological oxidations and 
ductions. 

Tyrosinase. Wlu'ii lV(\shly jMX'hsl )H)tato(‘s are aIlo\\(*d to stand in th(» 
air, they turn blivk. This discoloration is due* to the* action of an oxi<lasc 
enzyme cjilled tyrosina.sr‘, which catalyz(*s the* oxidation of tyrosine l)v 
utmosf>lHM‘ic o\yg(‘n. 1'h(‘ nniction is a coniplicattsl one involving 
several steps, l»ut tin* <*nd r<*sult is a black oxidation j)r()diict. Hydrogen 
jieroxide is nr)t |■or/IH*<l in fh(‘ rciM*lion. "Jyrosinasc is of spiK'ial interest 
l)ecaus(‘ it contains copp<»r. C'hemieally it is probably related to eyto- 
rhroriie an<l eytoehnane oxidiise, dilTering from th(‘m in that eopp<*r n*- 
plae(>s iron in tiM‘ mohruk^. 

Catalase. Although eataiaso is eljissified its an <»xidas(», it does not 
cause biologifvil oxidations. It aets on eonv(‘rting it int() H2t) 

and molecular oxygen. It is present in most living e(‘lls, and its function 
appears to lx* the n'lnoval of lIoOo, uhieh otlM*r\\is(‘ miglit ac'cumulate 
during biologn al oxidation and whieh is toxie to living e(‘lls. (’h(‘mi- 
eally catalase is compos(*(l of a protein eonihined with henax Sumner 
has prepared eatalase in a crvstalliiu‘ lorm. 

A eommon test f(»r catalase is to add to tin* material uiuka* (examina¬ 
tion Il2tk» and a substance like* benzidine or guaiac, wliieh is ('iisily oxi- 
diz<Mi to a eoloH'd compound. If catalase is present, the H^t >•* is decom- 
j)os(*d, and tlie resulting oxygen oxidiz(\s the l>(‘nzi(lin(* or guaiac. This 
oxidation is (*asily recognized l\\ lhecol<»r produced. .\ eommon appli¬ 
cation of this test is in determining whetlier milk has bei'ii Imatcxl. 
Normal milk contains catalaM'; Imt, if tlie milk lias Ikh-ii luxated to 
S()°( ’., th(» catalase is destroyt'd. Ih'nei* a ealalas<‘ test on heatixl milk is 
lU'gative. 

A sim])l(’ syst('m of oxidation has lHM‘n sugg(»st('(l which involv(‘S 
peroxidases. 1 'hese are found in many tissu(‘s: thc> (l(‘compose Il2()2 
and organic* |x’ro\id(\s (o form atomic oxygen, only in the jm'senee of an 
oxidizabh* sul>stane«e. In this rcesjM'ef tlay dilYcT from catalase. The 
atomic oxygen produccxl oxidiz(‘s the .substratex 

Since |M*roxidas4*s (U'eomposc' organic ixu-oxides, it is evident that 
H2O2 is not n(*ec\ssary in testing for |HTo.\idases. llowevcT, an organic 
peroxide must 1 k' pn*seut. In testing for |XToxidas(* in a substance like 
ix>tat(» <'xira(*t Ix'iizidint* is added, and the dc'vcdopnu'nt of a blue (‘olor 
is notcMi. In tlu* potato extract there is an auto-oxidizable substance 
which is oxidiztxl by almospherie oxyg(*n to a iXMoxidcx This, peroxidase 
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enzyme decomposes to form atomic oxygen, which oxiclizi\s the l>enzidine, 
giving the blue color, diemically fKToxidasi» is similnr to catalasi^ in 
that it is composed of a protein <‘om})iiit*tl with h(‘mc\ 

Carboxylase. Then* are two imi)ortanf ('iizymcs uhieh, altlunigh not 
oxidjises, arc cI()S(d>* a.ssociated with biological oxidations. They an* 
carboxylase and carbonic anhydrase. CarlMJxylast* o<*ciirs abundantly 
in plant an<l animal tissuo, \\hen‘ it nanovt^s (’Oo from the carUixyl 
group of alj)ha-keto iw*ids, k'aving the corn‘sponding aldehyd«^ thus: 
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In onl(‘r to work, cai bowliuM* r(‘<^uir(^s tlie pn‘S(‘nc(* of a divalent metal 
and a co<*nzym(* called cocarboxylase. ('ocarboxylast‘ is a dcTivativc of 
thiamiiu' or vitamin lb, (‘ontainiiig two molecules ol 11.,1*04. 

('arbonic anliy<lraM‘ tound e-,pecially in n^d blo< d (1*11^, where it 
controls ila* iorination and dcH*om posit ion ot 'arbonic a(‘id. It is thus a 
very important r(‘spiratoiA enzyme. <'hemi(*ally it is a protein (‘ontain- 
ing ziia*. 

REVIEW QUESTIONS 

1. Di'tinc (st himI cM/\me 

2. Discuss litiehiK'r > ea ve.i*'! 

3. Disliiijrui'^Ii helueeii einld- .nnl extH^ii/Miu's 

4. XaiiM* four eij/.v’iiie" nliieli li.ive heen pii p.’ired in r?T'»lM)liMe form 

6. (live two tluoMe-s enne, Miimr llie etiriiiu.il lintill'e of (‘MZyiue'^. 

6. How lire eii/\ me''' 

7. Diseiiss tin* iiK i himem of eii/vim’ uetion. 

8. Discus'- the "peeifieilN ot en/\ me'' 

9. Dim’Us'* the lever^iliihlV of eir/MiM* 'letion 

10. \*ime si*M'i:il liielor'- in(hieiieiii}.r ni/yme m'lioii 

11. D« fuie iiroeii/vme, km-i'i*, eoen'Miie, aiiti-i ii/vme, ;i|>o(‘ri7\ m<‘, ami Niifistrati* 

12. ('lassifv eii/yme^ 

13. Xanie several eii/vmes nf eai'h iiii])ortatit class, tellmn when* ciich i- foinid, 
the siilistiate ujHUi wliieh it act-, uni iheeinl prochnls formi'd 

14. Xaine tlirei* ]H*]>ti(las<"< ;in«l state what each doe*- 

16. What IS hromehn, and how i- it iiiUKirtaiit to the hous4*wife'^ 

16. What i** un'iisr, and wh> i" it important to tlie hioeheiniKt? 

17. Distinguish hetvveen an oxidase and a deliviiro^enast*. 

18. Show’ }>y means of an outline how <lehvdro^enase, e(K*nzymes, flavopmtein, 
eytoehrome, ami eytoelirome oxidase may funeti<»n in a l>ioio)(ieal oxslation. 

19. Indii^ate the ehi'inieal 'trueture of eoen/ymes I and If What is the active 
part of eaeh mol(‘enle? 

20 . Indicate the eheinieal >trueiure of a fiavoproteju. WImt is the actives part of 
the molecule? 
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SI. What w the chemical natun* of cytochrome and cytochn)me oxidate? 

8 5. What 18 glutathiom^? How may it function as an oxidation-reduction 
eatalynt? 

SI. What w a 8 <?orbic a<*id? JIow may it function as an oxidation-reduction 
eatalynt? 

S4« Name wvcral \itamiris nhifh .ire .ishocwtal with l»iol(>pcal oxidations and 
reductions 

86. Why do turn hi ok ulun <‘\posnl lo the *ur? 

SI. DiHtinKUHh hetwii'ii ( it ilusi and |Mio\id«isi 

S7. With >^hat iiartioiiM an (aib(>\>iiS4 uid eiiboiiH anhydniM* associated? 
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DIGESTION IN THE MOUTH 

General .Considerations.* JVlost of om (cmkIs an' coinplicatod chemical 
stiuctiires. In order that they may 1 h' al)S()rlH'd and utili/ied by the 
}K)dy th(\v must be brok<*n down into relatively simple inoleculoH. 
Carbohydrates must be hydnilyzed into monosaecharides, fats into 
j^lyeerol and fatty acids, and proteins into amino acids. The chemical 
changes by whi(‘h complex fo(Kl mal('rials an* changi'd to simple mole- 
(‘ules are called digestion. 

In many of tlie lower forms of lib', such as the baett'ria, the absorp' 
tion of dig(‘sted foodstuffs takt's phieo througli the c‘nti!‘f' s\jrface of the 
organism. In man and the lugh('r animals aKsorption is limittHl to a 
very di'finite area, the in.sidc* of the digc\sti\c‘ tract. The inside of the 
digestive tract is really i)ail (»f the outside surface of the Inwly. It is a 
highly s|K'cializ('d, delicati* irn'inbram* through which <iig(^sUKl food 
materials may diffust' with (‘ase. ('omplt‘x foodstuffs are hydn)lyzed 
by means of enzymes, which are emptitKi into th(' digt'stive tracit at 
various placets along tlu' route which the food must trav(‘l. Thcjsc? 
enzymes an' many in numlMT, and each plays its .s|M*cial role in the chem¬ 
istry as.sociat('d witli the ))reparation of focnls for utilization by thc‘ iKKly. 

Digestion during Food Preparation. Him e dig(»stion is the hydrolysis 
t)f comj)l(iX fo(xl materials, it is evident that many of the* proe^^sses 
involv(‘d in the preparation of food may be considiTcd <lig('stion. Cook¬ 
ing changes starch to d(*xtrin and converts collag('n to gelatin. The 
lattei change takers j)hwe wiien tough meat is imwlf* t(‘nd(*r by ccxiking. 
If th<' reaction of the mixtun' is alkaline, fats would be* hydrolyzed by 
e(K)king. An aeid iiK'dium would greatly facilitate the hydrolysis of 
starch and disaccharid(\s. 

Cooking is an aid to digestion in another way. Starch is found in 
natural foods in the* form of grunul(‘S which an* comi)OHC'd of soluble 
amylase and less soluble amyloixTtin. C(M)king niptun« the starch 
granules, exposing the ainylose to tin* action of the digc'stive juices when 
the starch i.s eatt'ii. 

Cooking d(s^troys microorganisms which, if present in the f(K)d, might 
give rise to serioiLs difficulti(*s. Many cas<‘s of food ]:x)isoning have been 
due to the consumption of ffxxls which had in thorn toxin-producing 
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liaeteria. ITiIh 8tatoni(*nt is ('.sjK^fially true of nioafs and other high- 
protein foods. 

During storage* many irnjvjrtanl ehjuiges tak(* i>Iar(* in feKKls. Meats 
which have lK*<*n stored uruler proiKT e<inflitif>n>. become tc*nder and 
much me)re d<*sirahle jis food by n‘ason of pro<*esses of autolysis winch 
go on in th<‘ tissue aft<‘r the death <if the animal. Many fruits and vege- 
tubi(*s b(*come mucli more paiatal)le after .storage* as a result of enzymatic 
change.^ occurring during this period. 

Saliva. I'he* food i*iit<*rs the <lige‘.stive tract througli the moiitli. 
Here it i.-^ chev\< d to break it up into .small piece.s and to mix it with the* 
first of the* dige*.stive fluiels, e*alle*fl the* saliva. The* .saliva ha.s two main 
funetion.s: fust, it i.s aslipiicry substance* \\hie*h is a gre*at aiel to .swallow¬ 
ing; amb se*e*on<l, it e*ontains an c*nzymc‘, ptyalin, whie-h hyelre)lyze*s 
starch to maltose*. (S<*<‘Fig. 17, p. ISibi 

'I'he* saliva is se<*n*ted by thr(‘e‘ pairs < f s;ilivar> glands: the* parotid 
under tin* c*ar, the* submaxillary uneler the jaw, anel the* sublingual 
und(*r the* temgne*. "Ihe're* are* also nume*re)u.s small buccal glands in 
the elu'ek, 'Flu* .saliva pass<*.s fre)m the*se* glanels te> the* meiuth by me*an.s 
e)f duets. It lias bee*n e*.stima(e*el that a normal pe‘r.son s(‘cre*te*s about 
15(K) ee. eif .sali\ a daily. 

Alxuit 1)9,1 |w*re<‘nt of saliva is \\ate*r. The* prote*iri material pre*se‘nt is 
muinly mucin, a glye*e)pre)te*in. \\hie*h may be* pre‘eij>itate‘el by the* aelelition 
of elilute* jwiel. Muein is the* e*euistitue*nt which makes .sdiva slippe*rv. 
Saliva e*ontains mine*ral salts. It i'^ e*asy to ele*monstrale* the* pr(*se*ne‘c of 
all tlie* ineirganic salts e>f prote»plasm in salna b\ simple (|!ialitative* te.sts. 
'Fhe saliva e)f imrmal, lie*altiiv ineli\iduaU 1 *^ "lightly aciel in ie*ae*tie»n, 
having a /dl e)f ahead ti.."). It i.s lM*lie*ve'el by "eune* pe*rse>n.s that the* ae*ielity 
of saliva is a eaint ributiiig facteir in teM)!h dce a> ; howe*\(‘r, mo.st authoii- 
ties lM*lit*vc that the e-au.se* e»f elciital e*arie*s i'. much meue* inve>lve'el. Very 
lik(*ly, elental e*arie*.s is elue to a du*tar\ eie»ticiency. 

'Hie* ele*|K).sit e>f tartar on te*e*th i.s e*eimpeKse‘d of e alcium pheisphate aiiel 
ral<‘ium earlMUiate*, toge»th<*r with small ame»uids e»f euganie matter frenn 
the saliva. An alkaline* saliva fave»r.s tlie* ioimation eif tartar. 

Stimulation eif the* salivary glands may be* bre>ught iil>out in various 
ways. The* pr(*se*iu*e e)f lejenl in the mouth stimulatt's the flow eif saliva. 
Dry fiKuls .stimulate* nmre than me»ist tooel.s. 'fhe thought, .sight, or 
smell of foewl will eau.s(* saliva to Heiw. .\e*ids, .salts, anel many either 
chemical agt*nts stimulate* .salivary .se*e*re*tion. To collect saliva for 
lalnmitory stiuly, the* salivary glands may Im* nie'chanie*ally stimulated 
by elu*wing an inert sul>stan(*e, .sue*h ‘is paraffin. 

Ptyalin. I'he (*nzyme responsible* for the ilige\stive :i(*tion e>f the saliva 
is called ptyalin from a Greek wore! meaning spittle. Ptyalin is also 
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called salivary amylase. It ju'ts on starch, hrt^akiiifi: it down to soluble 
starch, er3rthrodextrin, a* roodextrin, and finally maltose. It is impor¬ 
tant to note that nialtos* is th<' end pnwluct of tlu* a(*tion of ptyutin on 
{starch. Maltose is later hydrolyz<‘d by maltas(» in the inttvtine to f^Iu- 
in whi'‘h form it is absorluHl. Starch ji;ives a hint* color with iodine. 
As ])ytalii' hydndyzes starcli. the mixture ^ives a nnl color witli iodine 
iH'causc of the formation of crytlinxlcxtrin. Finally thciv is no color 
rciM'tion with iodine, aIthouj»:h h\drolyMs is incompl(»t(‘. The dextrin 
which f»ivcs lu) col(»r with iodiiu^ is called a<*hr(MKh‘xtnn. It is iH'lieved 
t}*at during hydrolysis the starch moh^cuh* is broken down by the removal 
of mohriiles of maltost'. 'Dk' reason f<»r this b(*lief is that maltose 
apiK'ars very early in tlic proe<‘.s.s. 

'riien* an' st'viaal wa>s of studying tlu* p>tjdin ar'livity ot stiliva. 
One is to dctc'rmiiu' llu‘ l(‘iigth of time nujuin'd fo.* starch to roach the 
achromatic point or the point at which it no longer giv(*s a color test 
with iodine. Another is to foll(»w tla* rca<*tion by means of the* polari- 
scopc', sin(‘(‘ tli(* o|)tic.d activity of tla* slaich <‘hanges as 'ny<lroIysis pro- 
cc(*ds. Still anotlu*!* mctlio<l is to study tlie cliang(‘ »i. visc(»sity of the 
starch solution. Starch soluti<m lac a high viscosity ; as it hy<ln»lyzes, 
flic vi.scosity d(‘crciise.s. A \cry g(KMl (juantilativc m(‘thod is to study 
the n‘ducing |)ow<‘r < i the solutam, as dig(»siioii proc(*t'<ls, w’ith Fidding’s 
solution. Starch dot's not reduce Fehling s solution, but its hyilrolytic 
products <lo. .Maxiinuin nMha*lioii iialicalt's eomjilete hydrolysis. 

Ptyaiin acts rapi<Il\ at body teinpcTature, but at otf to it acts 

most rapi<ll>. At 7.V(’. its activity i^ dcstroyctl. It is active over a 
pH rang(‘of fnnn I tott, tin* optimum U-ing <>.(». Sinct'the iwidily of the 
stomach n*aehcs a /dl of l(‘ss than 2.0, ]>tyalm activity is soen iiihibitcHl 
in tlu‘ .'‘toniacli. In fact tin* acitlily in tin* nonnal -tomacli is sufficient 
to ]«'rinancntly de troy ptyalin activity. 

Th(' chloride ion is csst'utial for ptyalin iictivity. If it is removed liy 
dialysis, jityalin activity c(*as<'s. Activity returns upon th(‘ addition 
of the chlorith' ion. 

()tlu*r (‘iizymcs than jityalin have* bc<*n (h'lnonstnitcel in the* saliva, 
but they an* of little importance', ('iitalase' is ])re‘sent, as e‘vi<le‘iice*d by 
the libe*ratie)n of oxyge*n from hyelroge*n iwreixide* w}ie‘n it is use*el jis a 
gargle*. Traces e)f maltase and preite'iuse* liave* iK'en elcinemstnite'el to l)e 
prese*nt in saliva. 

The imi)e)rtane*e' e)f .salivary elige*stiein and the* thorougli che»wing of 
ffK)d has lH*e*n underestimat(*el. Wheai the* ra])ielity with wliich ptyalin 
hydrolj'zes stareh nt vitro is e*emsiele're‘el, it e‘anne>t be eleiubteel that con¬ 
siderable digestiem eif .stare*h goe‘s e>ii in the* me)uth e*ve‘n with iieirrnal chew¬ 
ing. Since ptyalin acts until the />H reaches al>e>ut 4 . 0 , it is evident that 
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eonmderable action may take place in the stomach before acidity develops 
sufficiently to inhibit it. This is e.spc‘cially true of lumps of foexi which 
have been well mixwl with saliva. It has Ixn^n (*stiniated that ptyalin 
activity may continue for 30 minutes after food is swallowed. 

Since in passing from tlw* stomach to the intestine the ivaction of the 
digesting mixture of hxKj chang(‘s from a pH of alK)ut 2.0 to about 7.0, it 
would appear that ptyalin would Ik* reactivat(*d in the intestine. How¬ 
ever, this is not th«* situation. The acidity of the normal stomach is 
sufficient to destroy ptyalin iictivity conifiletely. 

ITiere is evidence that fw‘psin af»tivity is greatly aided when the food is 
well mix(*d with saliva Wliy this is so is not known. It therefore 
apfiears that th(* tiim* rc^ciuinxl to masticate our fowi thoroughly is wt*ll 
spent. 

REVIEW QUESTIONS 

1* Define dixeMtioii 

S. I)iflcuH» diK(*sti()ii (liinriK f<>e<i pn^paration 

8. Name tw<i inuiortant constof the salivii and stale the function of each 

4. Natno si'vcral rncthod> ulmh may Im‘ us(‘d to (h t(TmirH‘ ptyalin activity. 

5. What IS th(* p\\ of normal saliva^ 

6« What aro the optimum conditions for the action of ptyalin? 

7# With what diRi-stivc n‘action {ityalin a‘'‘' 0 (iaU*d? 

8. Dooh ptyalin c<intinuc to act m th<* stoiiunh? In th(‘ intestine? 
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DIGESTION IN THE STOMACH 

Structure of the Stomach. Tixm leaving the mouth the food passes 
through the esophagus into the stomiy‘h. Strueturally the stomach is 
made up of two parts. (Sim' Fig. 17.) I'lie part to which the esophagus 



Fio. 17. The digestive tract, 

is attached is called the fundus. The part leading into the intestine is 
called the pylorus. The fundus constitut(‘s the main tnidy of the 
stomach; the pylorus is a more or less constricted ar(»a leading into the 
intestine. The walls of the stomach are muscular, and when empty the 
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organ w rollapRed. Ah ffxxl ciitors, the walls of the stomach distend, 
allowing considerable (*apiw*ity for the storage of food. One of the main 
functioas of the stoinueh is as a storage organ for undigestfood. The 
food remaias in the stomach from I to o hours, lK*ing passcnl on to the 
intestine slov\ly. \\'hen wat<*r alone is takc*n, it j)jiss(\s through the 
stomach rapidly. Solid fooil collects in the fund us port ion of th<*stomach. 

Gastric Secretion. Although tlu* stomach functions as a storage^ 
organ, v<Ty important digc'stivc changes take place* in it. Scatt(M*ed 
throughout the* walls of the st(»maeli arc* num(*roiis small glands which 
H<*cn‘te a dig<*stive fluid known :is the gastric juice. Thc‘re i.s a dilfercmec* 
of opinion as to wh<*ther gastric jui<‘(‘ is s(*cr(*t(‘d \\lK*n tli(*re is no food in 
th<^ stonuK’h. '1 he fac*! that the* rc'sung stomach usually' c'ontains about 
50 cc. of a h(|uid often spokc'ii of iis the* r<‘siduum bus lM‘en tak(*n to mc*aii 
that there is a constant flow of small amouiils of gasfrie juice*. \'arie)us 
stimuli will in<‘r(*jise‘ the* rate* of flow, '^rhe* sight of food produces a ne*r~ 
venis stimulus which starts the flow; this is c)fte*n spoke*!! of as appe'tite* 
s(»cre*tion. The* p!e*se‘nce* <if lood in the* mouth caus(‘s a flow of giisfric 
juie*e* hy what is known as re*flcx action. Tfie* i)re‘S(*nc(‘ e>f food in tlie* 
stonuu*h hits an e*fTe‘ct on gjuslric se‘cre*lioii, (he* ameamt of se»cre*tioii vary¬ 
ing W’ith the* kinel of foeMl. 'riH‘re* is cviele*nce* indicating that tlie* pre*S(*ne*e* 
of fexul in the* pyloriis and intestine* e*ause*s the* pre>due*tie>n in the* mucous 
membrane* of a substance* e*alle‘el gastrin, which e*nte*rs the* blexxl and 
acts eus an internal nu*s.se*iigcr e>r hormone slimulatiiig the* gastrie* glands. 
This stimulation of the tleiw e>l gastric juice* by giistrin cemtinue's for some 
time and is jH*rhaps eux* e»f the me»sl impe>rtant factors causing gastric 
se*c*re*fiem, (liistrin is flieuiglit by .seam* (o be* histamine, which, wh(*n 
inj(*ete*d intei tlie* blexxl, stimulafe's gastric s<‘cre‘tion 'riu* amount of 
giustric juie'e* se*cre'le'd pe*r daN varievs gn*atly, eie*i)cnding on the diet. 
Tsually 2 te> 'A lite*rs is s<*cr(*ie‘<l <*very 21 heairs. 

General Nature of Gastric Juice. Normal gastric juice* is a light- 
colonxl, thin fluid ele*cielcelly aciel in re*ae*tion. It e-emtains the* e*nzyme*s 
pepsin, which acts on prote*ms, rennin, which acts em (*as(*in, causing milk 
to curdle, and a lipase which hyelrolyze»s fat. 'fhe* most important is 
])c^))sin. 

Gastric Acidity. The* acielity of pure* giistric juice is eliie te» IKd. 
When gastric jui<*c is mixe‘d with feMxls, e)tlie*r acids may be* i)re*.s(*nt, such 
as lactic 2 M*id, proeluce'el by ft*rnu*ntatie)n. l^ire* gastric juice* as it is 
sc'civted has a IlCd cone*e*ntration e<|uiviilcnt to a 0.4 te) 0.5 per cemt IICI 
se>lution. Howev(*i\ whe*n the* gastrie* jiiie*c U'ceime's mixe*tl with fexx!, 
after eating, the normal ae ielity of the* .stoimu h e*onte*nts e*orrespond.s to a 
0.2 i)rr cent seilution of H(4. The pll of neirmal stomach contents is 
al)out 1.0 to 1.8. If the* acidity is gix*ater, hyperacidity of the stomach is 
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to exist. This eonilition is common in ulcers of the stomach. If 
I he acidity is l(»ss thmi normal, th(‘ condition is known as hypoacidity. 
I'his is common in cancer and |K»nncious anemia. 

Fmiuently, in medicint* the acidity of the gastric contents is deter¬ 
mined iis a diagnostic proctnlure. On an empty stomach the patient is 
giv(»n a test meal consi.sting of toiist juid tt*a. An hour later a stomach 
tulx* is swallowed, and tin* stomach contents am remo\ ed. The material 
IS filttM’ed through cheest‘cloth, ami )>ortions of the solution are titrated 
with O.l A’ alkali. By using indicators which change color at different 
/dl valu<\s, dilT(‘rent tyjK's of iM‘itlity may Ik‘ dett'i'mimnl. The most 
ci mmon proeedure is to d(*t(M‘miiie total a(‘idity with phenolphthalein as 
flic indicator, and fns‘ 11(1 with Topfer^s reagent as the indicator. 
Phenolphthalein givt‘s the total acidity lH‘causc this indicator changes 
color on the alkaline side* of iKsitrality, at a pH of about and Topfer’s 
reagent indicat(‘S fr(‘c I KM b(‘causc it chang(‘S color at a pll of about il.O 
to 4.0. With thi.s proc(‘dur<‘ gtustric aci<liti(\s am c\, p ssed as cubic 
c«*ntiinetcrs of O.l A’ alkali rccjuiivd to ncutraliz<‘ lOO c * of juice. Nor- 
fual gjistric contents hav(‘ a total acidity of alKiut tiO and a fme IKM 
acidity of about oO. 

Origin of Gastric Acidity, foncesning th(‘ origin of the IKM of tlu‘ 
Laslric juici* no ih'finite conclusion has b(‘en rcjichcd, but scvfs'al thi'orit^s 
have lH‘<*n advanccsl. One th(‘ory stat(‘h that NI^Ol is s(‘creted, which 
hydrolyzes to form IKM thus: 

MIdM + II2O —MIjOIl +IK'l 

Mhc NIIiOlI is rcabsorlxMl, the IKM nsnaming in th(* stomach. An 
argument in favor of this th(‘orv is that tlu* ammonia cont(‘iit of th<‘ 
gastric mucosa is gr(‘atcr than that of other tissues. 

Anoth(‘r theory for wliK’h good arguimmts may lx* fidvamuHl is that 
Na( M reacts with Ilof or Nall 2 Pt b in the* biiMwi, forming sodium salts 
and IK M thus: 

H 2 ( M >3 + Na< M Nal K '< >3 + IKM 
and 

NallaPOi + Na( M Xa.HPO^ + IKM 

Tlu* H(M is then .secreted into the* .stomach iis such. The argument in 
favor of this theory is that during digestion th(‘ blo(Kl lKroin(\s more 
l»asic. Nonnally the urine is iwid in reaction, but a sample* taken shortly 
after a m(‘al is usually alkaline, lx*caus<* of what is known as the*, alkaline 
tide, which pass(*s through tlu* ImkIv during the* iu*tive se*cretion of the* 
gastric juice*. It is likely that the f(*eling of w(*ll-lj(*ing familiar to every¬ 
one after a hearty meal is due to this alkaline tide. 
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A third theory, which is open to less criticism than those already men¬ 
tioned, explains th(‘ ori^n of hydnK*hloric acid in the stomach on the 
basis of Donnan's theory of membrane equilibrium. In the acid-forming 
cells of the stoma<*h the hydrochloric acid is in combination with protein. 
This combination may 1 h» n'piescmted by R+tU", where 11*^ is unable to 
diffuse through the cell membrane. Outsiile the cell there is water. 
Itepresc'ntirig tlu* cell membrane by a vertical lim% vv(* may indicate the 
situation thus: 

Interior of eell ExtiTior of cell 

K+ II' 

(T oir 


Sinee R'" eannot diffuse through the membrane, (*(|uilibrium is estab- 
lishecl by a fiassage of ('!' out of the eell and Oil into the cell. The 
equilibrium may Im‘ r»‘preserited thus: 


Interior of cell 
lO 

vr 

oir 


Rxt(‘rior of e<‘ll 
TP 
('1 

OH" 


It is thus evident that the <*xterior ol tli(‘ e(*ll becomes acid. 

Pepsin. The most iiiqxirtant enzyme in thi* gastric juice is pepsin. 
Pepsin is a proteolytie enzyme, but it do(^^ not hydrolyzt' jiroteins to 
amino acids; it breaks them down to proteoses and peptones. Pepsin 
is seereteil in an inactive form <'alh‘d pepsinogen. The IK'l in the gas¬ 
tric juice converts jM‘psmog(‘n to tlu‘ ;wtne enzynu' p(‘psin. That it is 
the hydrogen ion that ludivates |H‘j)sinog(*n is shown by tlu* fact that 
other acuLs than 11(1 have* a similar OT(*ct. Aftiu* lh(‘ hydrogen ion has 
converted some iK'psiiiogen into }K*psin, th(‘ |x'psin becomes aedive in 
converting more |H*psinogen into iK'psin. 'I'his is s|)okeii of as an 
autocatalytic reaction. Liki' other enzynu''^, )>(^])sin reijuires a ratlu'r 
definite pH for its givatest iwtivity. The optimum lies Ix'tw'een 1.5 
and 2.0. At a pH of 4.0 jx'ptic aetivity m^arly (xBases. Sinc<» the /dl 
of nonnal gastric contents varies from l.G to l.S, it is sevn that the 
normal stomach is itleal for tlu» motion of {x*psin. Both jx'psinogen and 
pepsin have Ix'cii prepanxl in crystalline form. They art' both proteins. 

It is often dt'sirablt* to tleti'rmint' peptic activity in a gastric analysis. 
This is usually dtme by Mett’s method, in which fine gloss tub(‘s contain¬ 
ing coagulattxl egg albumin an' placed in a Ix'uker, together wuth a sample 
of the gastric contents. This material is incubated at 37®r. for 24 hours, 
and at the t'nd of that time the length of the column of albumin digested 
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is detennined by means of a millimeter scale. Results are expressed as 
the square of the millimeters of albumin digested. 

Other methods for studying peptic activity involve the Sdrensen 
titration and the Van Slyke amino nitrogen detennination. The values 
obtained in lx)th these determinations incn'ase as protein hydrolysis 
progn‘Sses and finally reach a maximum when hydmlysis is complete. 
Another method involveh the determination of the nonpreeipi tat able 
nitrogen produeed when jx'psin iwts upon a pivcipitatable pnitein sub- 
Mrate, such as <»gg albumin solution. 

Rennin. Hennin is anotlu'r jm>teolytie enzyme found in the gastric 
juice; it is especially abundant in young mammals, ('ommereial minin 
’s prepan><l from calves’ stomachs. 

Uennin acts on a probnn of milk, casein, (‘hanging it into paracasein. 
}'aracas(‘in combin(*s with (‘aleium to form calcium paracaseinate, which 
IS insoluble. AVith th(‘ prcH'ipitatiou of calcium para(*as(unate the milk 
is said to curdle. If calcium s*alts are precipitated from milk by the 
addition of oxalate, r(‘nn«n will not curdle milk. H(>w(‘V(‘r, if (‘al(*ium 
salts are mided after r(mnin has acted on oxalat(*d milk, a clot is imme¬ 
diately formed. Tliis redaction show.^ that calcium is not necessary for 
nnnin to a<‘t on casein but is iwsa'ssary for the pnx’ipilation of the 
(‘iusein. Rennin a(‘ts Ix'st at a />H (»f ().(> to In this n'sjx'Ct it differs 
from rx'psin, whicli has th(‘ powtT to curdh^ milk but has an activity much 
l(‘ss than that of rennin. In lh(» honu*, junket is miul(‘ by the addition of 
n‘nnin to milk. The curdling of milk in the stomach is imjxirtant in 
digestion Ix’cause in curdh'd lorrn the milk nunains in the stomach for a 
long(T jx'riod of time than uncurdled milk would. Tliis giv(»s the gastric 
enzymes a longer tim(‘ t(» act on milk. 

In the absence of r(‘nnin, caM'in may lx* pr(*cipitated from milk by the 
iwlditiim of acid. WIhui milk n^acla's a 7)11 of 4.t) to 4.8, cascun is at its 
isfx'lectric point and i)rccipitut(\s. rnder th(*se conditions, ramdn is 
pnx'ipitatc'd as such and not as calcium paraciis(*inate. The acidity of 
the stomach contemts is more Ihnn sufficient to cause this acid coagula¬ 
tion of casein. The (’urdling of sour milk is due to the a(‘idity pnxliKied 
l)y lactic acid fornuxl in the biU'terial fermentation of th(» lactose in milk. 

Gastric Lipase. Tlu* gastric secretion contains a fat-hydrolyzing 
‘•nzyme known as gastric lipase, ’'fhe amount of fat hydrolyzed in the 
tomach is small, and only fats which arc in an (emulsified form are 
attacked. A g(HKl example of such a fat is that found in milk. Fats do 
not emulsify well in an acid medium; h(*n(jc emulsification does not take 
place to any great extent in the stomjich. If for any reason the gastric 
ii’ idity is low, lipase activity is increased. Gastric lipase is most active 
at pH 6. 



188 


DKiKSTION IN THK STOMACH 


Other Digestion in the Stomach. Food ontcTing tho stomach is 
mixed with saliva, which contains pt^'alin. The ptyalin continues to a(‘t 
on starch for some time, converting it into maltose*, esiK*cialiy inside the 
masH(*s of food which are swallowed. As time* gO(‘s on, the acridity of 
the stomach reaches a ]K)int wht'n* ptyalin activity is inhibited, but 
during this iK‘ri<»d <»f increasing acidity <*onsjde‘rabl(‘ starch digestion 
tak(*H place. 

Sucrose* is e-asily hydre)lyze‘el by aciel, and un<loubte*dly some dige*slioii 
e)f this sugar lakes [ilace in the* stoin;ii*h with the formatiem of glue*e>se 
and fructe)se. 

Unele*!' eM-rtain conditions the inte‘stinal juice* re*gurgitate's inte) the 
stomae h. If this occui*s, some* inte*stinal (lige*stie)n may take* plae*e in the 
stonuicli. A e|Ue*stion fre*(jue*ntly jiske*<i is: Wliy df>e*s not the* st om;wh 
dige'st itse*lf, siiie*e* the* stonuwh walls are* made* of j)rote*in, which should 
1 k^ eligeste‘ei by a protceilvtic <*nzvme‘? The‘r(* are* twe) e*xpIanations. 
First the* protoplastn of the* li\ mg ce'lls is alkaline* in re*a^*tiem. Since* 
pepsin re*(juir<‘s an aciel medium, e‘on<Iitions are* not e*e)rre*e*t in the* living 
ci*lts feir its ae-tieui. Se‘ceinel, the* living e*e*lis e*ontain an anti-e*nzyme 
which inliibits the* action of pe*psin. 

Germicidal Action of the Gastric Juice. .Many of the foe)els whie*]i \\<* 
e*a( e*emtain mie*re)e»rganisms. In a ste>mae*h with ne»rmal m*ielity me*vst e t 
th(*se* mie*re)organisms are* kille*el. M(»st e)f the* <Iisrjis(*-proelucing bact<‘ria 
are rat he* r delicate* anel un<hail»te*ell> are* de‘slre>ye‘d in the ne)rmal stomach, 
'riie ae'ieiity in the stomach is an impe>rtam ])ro\ isie)n e)f nature* te) pre'vi'iP 
intestinal infe'ctions. If the* ae'ielity e»f (he* sfennae*!) e*e)nte*nts is le)W', fer¬ 
mentations e)e*cur with the* pro<lue*ii(>n of gas, whie h may give* gre*at dis- 
e*e)mfe)rt. A e*ommon i)nHluct of ie*rm«*ntation in tlie stomae*h is lactic 
acid; hence a t(*st fe)r this iwiel in a gastric analysis is e)f impe)rtane*e. 

Gastric Absorption. V(*ry little* absorptiem ejf food materials take'- 
plae*e in the ste)maeh. Some* nHUiosaee-lianel(*s, salts, and drugs may be* 
abseirbi'd. 

Evacuation of the Stomach. .\s gastric clig(*stie)n ])re)e*e*e*ds, the ioe el 
Uveunes mem* eir le*ss riepie'fmel. The li(|Ue'fie*d stomaeh e-ontcuits are* 
culled chyme. The* stomaeh wall In-gins to e’oiitrae*t, producing a pe*ri- 
stultie wave whie*h move*s teiwarel the* pylorie ojw'ning inte) the inte'stine. 
As dige'stion pre)e*e'e*ds, these* jHiistaltie wave's lK*e*om<‘ more* iK)W'erful, 
and the more luiuid e'hyme is fem'inl inte» the inti'stine. The me)ve'me*nt 
of the stomaeh mixes the contents and in this way is a very valuable* aiel 
to digestie)n. Finally all the Uhh\ is lie|uefie*el, anel all the e*hyme is 
forced inte> the inte\stine. The* time* n*eiuin*d feir ga.stric digestie)n and 
evacuatiein e)f the stomaeh varies w’ith the tyjx* e)f fenwl f*onsiimt*<l. An 
easily dig(*sted meal eonsivsting mainly e)f t*arlK)hyelrates re'quiivs abe>ut 
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2 hours, whereas a heavy nu^al of fatty fcMKls and meat requires 4 or fl 
Uoiiri h>r passage through the stomiwh. 

REVIEW QUESTIONS 

1. thr stnirture <»f tlu* M4»mat*h. 

2. I Wuss gastric What i.s gjistnu? 

3. Name tlic cn/yrm*s lotiiul m the gaMra* juict*. 

4. \Miat is the />11 of iioriiul isastnc cont«‘iits.* 

6. What is meant Ia hy{io-ami hv|H*i:ieuliU 

6. ilow are total aciditx ami Inn* li(’l iliMeimined in a giistne analysis? 

7. (J.ve.sev4*ril llH*o!ie.s w hich may <>\plam tin <>rigin of IK’l in the gastric .iims*. 

8. What Is peiMiiogeii.’ <liv(‘ two na^thods the Isidy has of conxertim' this 
-'uhst^met* into }s•p'^m 

9. What do«‘s iM'psin do, ami how mav |s*ptic acti\itv he measured? 

10. lAi)lam tlu‘ <‘h<‘mistr\ mxtilved in tin* piecipitalion of casein h\ ivnnit* 

11. What is tlu‘ siction of gastric h]»as<‘V 

12. What digestion m i\ taUe pins m the stuniach otluT than producod by 
tin 1 'n/vnH‘s of the ga>iiH jiiuc**^ 

13. State the importama* of thi* g(‘rmicidal action of the giistrn* juice 

14. I)i sciiss gastric aiisoiption 

16. W leit is ( hvme*^ 

16. How hing iKm*" food normallv stay in the stoniardi^ 

17. How the stninach empt\ ilNdf' 

18. Sinee tlu' stoma* ii is mad* oi piot<'in and contains ])roteolytic iMi/yim^, how' 
do \ou account lor tin la<*l that it *1*m*s n*)t *liges| its*lf‘* 
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DIGESTION IN THE INTESTINE 

The rhyriM*, tis it leuvcn th(‘ sl(>nim*h, f>aKs«»s into the small intestine. 
The most important part of the small int(*stine from the standf)oint of 
digCHtion is the* first 11 or 12 in<‘hes, eallcMl the duodenum. This name 
eomes fnjin a Ijiitin word meaning tw(‘lv(‘, which suggests its I(*ngth. 
The next WM tion of the small int(‘stine is calhul the jejunum; the main 
part is called thc‘ ileum. The iliMim (‘mpti(\s into t hi* cecum, which is the 
first part of the laigi* inti'stiru* or colon. Thi* colon emjities into the 
rectum. (S<h* Fig. 17, p. 1S:T) 

Three juices enter the intestine in the duod(‘num. '^Hiey are the 
intestinal juice, secri'ted !>v the duodenal wall itsi'lf; tlu* pancreatic 
juice, the external secretion of tin* pancreatic gland; and the bile, which 
comes from the liviT. All these juici's play an important part in diges¬ 
tion. All are alkalini* in reaction and tend to ncutralizi* the acidity of the 
ehyine. 

The Intestinal Juice. 'Fhe intestinal juice is se(‘r(‘ti‘d mainly in the 
duodenum, although there is some secretion in tlie jejunum and ileum. 
Then* an* twro ty|M*s ol intestinal secretion. One, which is ind(*p(*ndent 
of fiK)d intake, occurs iwery 2 hours, 'riiis ^ecretion i.s low’ in digestive 
power hut is fH*rhaps important for the normal functioning of the how'el. 
1 he othiT secretion is (•oncerned with iligestion and is secreted w'henever 
fo<xi entei’s the inti*stine. "Ihis juici* has fnily mild digestive activity. 
The imzymes pivsent in the intestinal jui(‘e ai'i* the peptidases, which 
hydrolyze various (M*ptides to amino aidds; three disaccharide-splitting 
eiizyiiu\s, sucrase, maltase, and lactase; and phosphatase, which 
n'lnoves phosphoric acid from nucleotides, glyc(*roph(Ksphat(*s, and hex- 
osc' phosphates. Enterokinase, which converts the inactive proteolytic 
pnamzyme of thi' pancreatic juice, trypsinogen, into active trypsin, is also 
pnvsf'nt in the intestinal juice. 

Peptidases. Two |H'ptidiuses which are jis.sociated with tlie hydrolysis 
of iM)ly|H*ptides to amino acids are found in the intestinal juice. One, 
calk^i aminopol3ipeptidase, hydrolyzes ixdyiM'ptides to amino judds and 
8iin[>ler |K'ptides hy removing the amino acid containing the fri't* amino 
group from the txilyfK'ptide. When tlie poly|ieptide hiis reached the 
dijH'ptide stage, as a n'suit of re|H*ated action of aminopolypeptidase, the 
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dipeptide is finally hydrolyztKl by the other proteolytic ensyine in t!he 
mU'stinal juice, which is called dipeptidase. The intestinal peptidases* 
act best at a pH of 7.0 to S.O. It should b(» noted that the peptidaseH 
do not a(*t on native proteins but only complete the liydn)lysis started 
t)y oth(‘r prot(*olytic c»nzyinos. 

Sucrase, Maltese, and Lactase. The common disaccharides found 
in fixid, which must Ih‘ hydrolvwHl Ix^fon' U'ing available to the body, 
are sucros(^ nialtost*, and liu‘tos(‘. Sucrosi* is consununi as cane sugar, 
maltose is dtTivcnl from th(» partial hydrolysis of starch by the ptyalin of 
the saliva and amylopsin of the pancreatic juice, and lactose is found in 
milk. Th(‘ three enzyme's lU'cc'ssary for the hydrolysis of these disac- 
charides ai*c‘ piVM'iit in tlie intestinal juice. Of tlu'se thriH% sucrasi' and 
malhi.s(' arc pn\sent in large* epiantitics; hwdiisc*, in small quantities. 
J.a(‘tas(* can mo.^t easily Ik* <l(‘mon.stratt‘<l in the intc'stinal juiec of young 
animals, for which milk is the main article of the diet. As the animal 
Ix'coines old('r, the* lactase activity Ix'comes more* fi'cijie. Lactase 
apfx'ars to lx* more* intiniatc'ly associated with the inuMinal mucosa 
than sucnise* and nialtase* are*. Su<*ni.sf‘ acts lx‘st at a pH of 5.0 to 7.0, 
nuiltasc at 0.7 to 7.2, and lactaM* at 5.4 to 0.0. 

Phosphatase. Thv inti'sf mal jincc contains a phosphatase* which will 
remove phosphorie* acid troin organic phosphate's such as nucle*otides, 
glyccrojd.osphatcs, and hc\os<* phosphate's. 'Fhe're' are* alse) pre'se'nt in 
the* intestinal jun*e‘ othe'r <*nzyme*s assoeiate'd with the hydredysis of 
nucle'ic ae’iel. The'v are* nucleicacidase, whie*h hyelreilyze's nucle*ie aend 
into nue'h'otidc's, and nucleosidase, whie'h hyelrolyzi's nue4e*osides into 
sugar anel purine eir fiyrimidine' Thus nucle'ic ae*id is hyelrolyze'd into its 
unit e‘e)n.stitue'nts, ^^llich are* the'ii abseulx'el. 

Enterokinase. A very important const it ue'nt of the intestinal juice 
is e'lite'rokinase, a sulistancc uhich converts f ryy)sinoge'n of the* pancre¬ 
atic juice' intei the* active* jirotexilytic e*nzvme tryqisin. Just how emtereiki- 
nase acts is sHll in deiubt. Seanc ixTsons bclit've* that its a(‘tion is 
('iizymatic in nature anel that it hydrolyzes trypsineigen into trypsin anel 
seime othe'r substance. Othci-s Ix'lie've that it feiniis a ch(*rnical union 
with trypsinoge'n and that it is the e'oniInnation which is active^ 

Importance of the Duodenum. The* ducKlemum is undeiubte'dly a very 
imixirtant organ. Jf it is re-meive'd, the animal dies in a few days. For 
some unknown reasein the duoele nal sc'cretion is ne'ceasary for life. In 
ne*phritis, where* the* kielne*y function is irnpain'd, the eluodenum may 
play an iniixirtant part in re'ineiving tliose' waste prexluets of metabolism 
which are emlinarily (*xere'teel thnmgh the kidne'ys. For this reason it is 
very important that the* bowels lx* ke*pt eijx'n in patients suffering from 
kidney di.sease. Many substaii(*es, such as certain drugs and metals, 
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ivben iiijwtcHi into tlw bl(K)d find their way out of the body by the route 
of the du<Klenul WTretion. 

The Pancreatic Juice. I’he \s a glandular or^an Jyinpf close 

to the duodenum. It produces two secretions: one, an internal secretion 
which |MiSS(^ directly iiito the I)I(mk 1 stre^atn, is called insulin, without 
which carlxdiydrates cannot Ik* utiliz(*d properly; the other, an external 
secretirm calU^i the pancreatic juice, is eaiTie<l by a duct into the duo¬ 
denum and is iin|M)rtanf in the <liKestifin of foods. The pancreatic juice 
is an alkaline luiuid having a pll of 7.5 to S.O. 

The How of jiancreatif juice is not continuous but occurs only when 
acid chyme <»nters the duod(*num. In tin* dufxlenal mucosa thcTe is a 
sul>stanc(* call(*d prosecretin, w hic h is c(inv(*rt(*d into a hormone, secretin, 
by the acid of tla* chyme. S(*cn‘tin is carried by the* blood to the pan¬ 
creas, whirh it stimulates to pro<lu(‘e pancn‘atic juice. That such a 
hormone is actually pi<“^ent in th<‘ blood str(*ain has bc(*n j)r()V(‘d by cross¬ 
ing the circulation of two <log.s. If the diH)d(*num of one flog is .stimu¬ 
lated l)y acid, pancreatic juict* i.s pro<luc<*d in both dogs. Th(‘n again a 
ncutralizisl aci<l extract of tb(» duodenum, wh(‘n injt‘ct(‘d into the lilood 
stream of a dog, will caus(* a proiiucticm of ])ancreali(* juice. 

Th(* amouni of pancreatic juice jiroduced per <iay is variabh* and is 
apparently related to the kiini (^f loo<l <*a1en. Since gastric secretion 
lik(»wis(‘ varii'S with the type of huxl (*a1(‘n, it is likely that gastric* and 
pancreatic secretions are closely rel;ited. \Vh(*n more* gastric juice is 
produced, acid chyiia* (‘liters the* duodenum for a longer jx riod of timi*, 
and thus tin* stimulalicJii of the pan(*n*:is is prokmged. riuler normal 
conditions the amount of paiiereatie juice i>rodu(*ed pcs* day varit's from 
5(K) to S(M) (T. 

'File pancreatic juice contain^ enzymes for tin* digestion of proteins, 
fats, and carbohydrates. 

Pancreatic Proteases. Tlu*n* an* thn*e pr()t(*as(*s in the pan(‘r(*atie 
jui('(*, nanu'ly, trypsin, chymotrypsin, and carboxypolypeptidase. Tryj)- 
sin and chymotrypsin an* M*cn*t(*d in inactive t(H'ms or as proonzym(*s 
called trypsinogen and chymotrypsinogen. These* thrc(* (‘iizym(*s and 
two pnH*nzynu*s have* been (»btaiiied in erystallint* h rm; th(*y are protein 
in nature. 'rrypsin(»g«*n is activated by enterokinase of the intt*stinal 
juice. Chymotryixsinogen is aetivat(*d by tryj).dn. Active trypsin 
also hiis th(* |M)\v(*r of activating trypsinogen in a manni*r similar to the 
activation of jK»psinogen by p('p.sin in tin* stomach. Both tr>"psin and 
chymotrypsin attack native proteins, hydrolyzing tla'in to proteoses, 
peptones, and polypeptides. Both curdle milk, but chymotrypsin is 
much the more jiowerful in this resix'ct. Trypsin acts best at a pH of 
8.0 to 9.0. 
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Carl>oxy[K>lypeptida8e hydrolyzc^s {)olypeptidc^ to Ampler peptides 
and amino a<‘ids l>y the successive removal of the amino acid containing 
the* frt»c cari»oxyl >?roup at the* end of the ixdj'^iK'ptide chain. 

Pancreatic Lipase. The* pancreatic juict^ contains a lipaso called 
steapsin, which hydrolyzes fats into glycerol ami fatty acids. Ita activ- 
ity is gr(*atly increased hv the presence of bile. The hii(* salts ait* cspcHji- 
ally active in this n‘s|M‘<*t; tlieir activity is due largely to the fact that 
th(*y favor ( inulsificatioii of fats by lowering surfiwe tension. In the 
(‘inulsified form fats have a much larger surface area than lx»fore<*muLsifi- 
catii'i), thu> giving steiii)MU a Iw'tttT ehamv to iu*t. Steapsin is by far 
the most im})ortant enzyme* eoncenuHl with fat digestion. \'ery htllc 
fat (lig(*stion is due to giistric lipast*. 

Pancreatic Amylase. 'Fhe panerc'atie juice* (‘oiitains a stareli-splitting 
(‘iizyme, similar t(> the ptyahii of the s'lhva, calh'd amylopsin or pancre¬ 
atic amylase. Amylopsin h>drolyz(‘s starch to maltose. It works Ix^st 
III a neutral to >Iighlly alkaline* na*diijm. 1'h(* elisaccnaridc'-splitting 
<*nzym(*s, nndtasi*, Micrase, and la(‘taM* have* bt*en fe)Uial in pancivatic 
juie*e, but llieir main sourer i** the* iiite*stinal juice*. 

The Bile. We* have* just studie*el the* inl(*stinal anel pancn\‘itie juices, 
which play au important role* in the* <lig(‘stie)n of foexl. In lulelition to 
the*se* juices a third fluid i-^ |»oure*<l intee the* eha)ele*uum whie*h is eif im[K>r- 
tane*e* in dig<*stion, altliougli it aleme has im <lige‘stive* actieai. 'Hns fluid 
is the* bile, whie*h com(*s liom llu* liver. As flie* bile* piusse»s freun the* liver 
to the* inte*stine*, it goe‘> through the* gall bJaelele*r, which ae*ls as a reHi*rvoir 
for storing it at time*s w)ie‘n it ne»t ne*e*ele»el in the int(*stine*. Hilo is 
pre)due’e*d ceuif iniiously b^ the* li\e*i\ but the*ame>unt varie*s with the* diet. 
In gene*ral it may be* ^tale*<I that pre)te*in foeids cause* a gre*at(*r prexlue'tion 
of bile* than e*ai bohyeIrate fooeK. Freun oOO tei j(K)() e*e. of liile* is pro- 
due*(‘d ])e*r elay by a imrmal aelult. Whe*n feioel e*nt(*rs the dueHlenum, 
the* live*r is st imulat(‘(l tei proelue'e* riieire* bile*, and the gall bladder is caU8(*d 
to (*iii])ty by a e*e)iitrae*tie)ii of its walls. The* stimulation of the liver to 
pre)elue*e* bile* is .sale I tei lx* e’ause*el by the* heirmone, secretin, which has 
alreaely lx‘eii di.se usse d in e*e)nne*e*tie)n with the* stimulation eif the pan- 
ci*e‘iis. llie* (*inptying ejf the gall bladde*r is controlle»d by a hormone 
calleel cholecystokinin, prexluceel in the eluexional mucosa. I'he gall 
blaeleler Ls not mor(*ly a r(‘se*rvoir for bile. Substane*os in the bile which 
are* eif value te) the* bexiy are* re*abse>rlK*<i he*n*, and th(*re is an alisorption 
e)f w'ate*r irsiilting in a e*einee*ntration e)f the* bile*. The gall blaeld(;r also 
excr(*les ceTtain substances inte) the bile*, the*r(*by a(*ting as an excrctoiy 
organ. 

The bile is a viscid liejuid, alkaline in reaction and bitt<*r in taste. Its 
color varies from ^rllowish brown to gnHin. Its important constituente 
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are the bile pigments, the bile salte, and cholesteroL Certain metallic 
substanccH an<l toxias may also be present. The bile may be looked 
upon Ixith as a sc‘en;tion and an exendion: tb‘ bile salts which are 
important in the* digc'stion and alworption of fats should be considered a 
secretion; tlie hilt* and ehokisterol, which apparently have no 

function in the intestine and are largely eliminated from the body in the 
bile, shouhl Ik* oonHid(‘rf»d excretions. 

Thk I^ilk Pi(i.\iknts. 'Fhe main pigment in the body is the hemoglobin 
of the blrxKl. 'I'his is a comjK)un<l prot<*in com|K)S(*d of tlie protein 
globin and the reil (*oloring matter heme. Hemoglobin is contained 
within the re<l bloo<l cells. The average life of a r(*d blood cell is about 
4 months. As nsl blfSKl (*(41s decompose, h<*moglobin is liberated and 
is in turn split into li(*in(* ami glolnn. Heme* contains iron, of which 
the Inxly is v<‘ry ecsinoniical. H(‘nce l)efore heme is discarded its iron is 
rcmovcsl, protoporphyrin lK*ing left. This is conv(*rtc‘d into bilirubin, a 
bile pigment, whi<*h is excretes! by the liver in the bile. Bilirubin is 
yellow; on oxididion it is convert( h 1 into biliverdin, which is green. 
On reduction bilirubin is converted into stercobilin, which is brown. 
Stercobilin is tin* pignH*nt normally found in the fcc(*s which gives them 
th(»ir churact(‘ristic color. Iblirubm may also be r(*duced to urobilin, 
whicli on further reduction giv(\s urobilinogen. A jiortion of those is 
nbsorb(»d and re*excreted by the liver. Urochrome, the pigment mainly 
n\sponsibI(' for the color ot the urine, is said to Ik* a eompoun<l containing 
uixibilin, urobilin()g(‘ii, and a jK*ptide. The o(*(*asional iiroduction of 
grecMi fee(»s in infants with <liaiTh(*a is dm* to biliverdin and indicates that 
oxidation, instead of tlu* normal riHiuction, has taken place* in the 
inte.stim*. 

The conversion of lu'moglobin into bilirubin oeeui'S mainly in the 
liver, although it may take* place in other tissues. The blaek-and-blue 
spot caused by an injury cU*monstrates the conversion of h(*moglobin 
into tlu* bile* pigme*nts. \Vlu*n tissue is injured, blood o.seap('s from the 
eapillarie's anel de*ee>mj>o^e*s. First a bluish n*d eeilor is notict*d, which 
finally e*hange*s yelleiw, gR*en, and breiwn. Thus all the bile pigments 
mc*ntie)ne*el may In* ol).serv(*d in an ordinary black eye. 

If there is an obstruction to the flow of bile, if liver function is im- 
pairi*el, ov if red ble)eKi e’(*lls an* l)eing destroyed more rapidly than is 
normal, bile })ignu*nts will lu^eumulate in the blood, and the skin will 
lK*ee)ine yelle)w. This ee)ndition is known as jaundice. The severity of 
jaunelie'e may U* determiiuMl by comparing the color of the blood serum 
with a t).()l iK'r cent 1 x 2 !'r 2<>7 .solution. The numlx'r of times the serum 
must Ik* diluted with physiological salt solution in order to match the 
color of the K 2 ('r 207 stiindard is called the icteric index. Thus, if 1 cc. 
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of senifTi must be diluted to 10 oc. to match the standard, the icteric index 
is 10. The icteric index of a normal individual shrmki Ix' from -1 to 0 
The Bile Salts. The main bile salts are the sixlium salts of glyco- 
cholic and taurocholic acids. These aends art' (‘oinpli(*ated struetures 
eomix)si>d of glycocoU and taurine in combination with cholic acid. 
(ilycocoll is another name for the simplest amino iwul, glycine. Taurine 
is the amino acid (*ysteinc with the carlx)xyl group n'inoved and with the 
sulfur oxidized fnmi a valen(*e of 2 to 0. It is ileriviul from cysteine, 
thus: 

CHaSH 

1 

H('Nn2 


Cyaieine Taurine 

In the bile acids glycocoll and taurine an* link(*d <c» cholic acid b}' a 
|K*ptide linkage. Tlic^re are many oflH‘r bih* salts b<»sid(*s thosi* we have 
mentioTKMl. 'riu'M* others are different in that, in.st(*ad of cholic acid, 
they contain modified cholic acids, ('holic acid is a sterol; its formula 
has Imh'Ii given. (S(*e p. IIO.) 

The l)il(* .salts are the most important const it U(*nts of the* bile from the 
standfXjint t)f dig(»stioii. In the pn'smct* of bih* salts the iW'tivity of 
steap.sin, the pancreatic lipas<*, is gr<*atly irKTi^asisl. This inciease in 
activity appears to b(‘ due to the einulsificution of fats in th(* pn*s<*nce of 
the bile salts. The bil(* salts Iow(t the surface* tension, thus aieling 
emulsification. 

Another important function of the bile* salts is to aid in the* al)sorption 
of fatty ae*ids. Fatty acids in combinatiem with bile* salts are seilublc 
and can be alxsorlxid through the int(*stinal wall in thi.s form. I'he bile 
salts which arc thus n*absorbe'd an* carriesi te) the* liver, when* th(*y are 
again secreted in the bile. Thus w’e have* a cire^ulatiem of the* bile salts 
in the body. 

By aiding fat digestion the bile salts also aid indin*ctly the digestion of 
other food constituents. If fat is present in foexl in cpiantity, it may coat 
other fcKxl particles, thus preventing the actiem of othe*r enzymes. 

Cholestehol. The third important coastituent of the bile is choles¬ 
terol. Little is known about its origin in the animal Inxly. That the 
body can synthesize it is indicated by the fact tliat more cholesterol may 
be found in bile than is presc*nt in the food. Of special interest is the 
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relation of ehoh'stcrol to gallstones. AIthr)iigh there are many kinds 
of gallstones, thowi of the most common tyjs* Umnd in humans are com¬ 
posed largely of cholesterol. Cholesterol in the bile is coasidennl a 
waste prfMluct, which is reitiov<‘(l from the body throngli the liver. In 
the feces is found a rc'duccKl chol(‘st(‘rol called coprosterol, which is 
derived from cholesterol in the int«‘s1ine. 

REVIEW questions 

1* Narm* the rejcioiiH inl«» which the iii!e.stine- .*ire ilividcil. 

2. Niinie th<' jmecs, imiioh.'int N> (liKcsiion, which <‘iiler the infestiiif 

3. Niiine the eiizyiiierf present in lh«‘ intestin.il juic^* and .stati* the function of 

each. 

4. What i.s enterokiims<‘ and wh.it i-. its functinn*' 

6. With wh/it reaction is arninofMiIvpephdfisi* as'.ociah^d? 

6. With W'liat reaction! phnsphata«* a^soci.ntcii? 

7. Name the enzymes iiivoIvimI in th»* liydroh-i-s of mielnn Jiiid .ind M.ile wli.at 
each dcN'H. 

8. Name the internal .and external seeretion of the painTi'a^ 

9. How IS the flow of pancreatic juice eontrolhal? 

10. Name all the enzyme.s found in the pancreatic juiia^ and state dii' funetion of 
each. 

11. What is the function of cholecvsinkinin? 

12* Naim* th<* three m.am consiitmaiU of tin* l»de 

13. Name the hile pimnents How are they lelatid to i*ach other ( iHanic.ally, and 
from what do they onmnate? 

14. What an* janndict* and thi* letern* index*' 

16. N aim the hile .s;dt.s ami indie.atr their eheniie.d <(‘iistitution 

16. Of what im|H)rtam*e an* the l»ili .salt^ in diue tion? 

17. What is meant hy the ( inul.alion of th luh- saltV' 

18. What an* j^allstones? 
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T!ie insido (»f th(‘ tract i> in n^ality a sfXM'ializcd an^a of the 

rxtcrior surface of llu' ImkIv. W hen \\v have swalhaved food, it Ikas not 
entered th(' Iiviiif; tissiu's of th<' body. Ha* passage of food through the 
lining of the digestive tract into the Mood and tissues is called absorption. 

No absorption takes placi‘ in the mouth, 
and very httl(‘ occurs in the stomach. Then* 

IS possibly slight absoiptam of simph* molt*- I 
cules, sinh as glucose, through the stomach 
v\all,j)rovid<‘d that such substances are pM*s(*nt 

in the stomach contents. 5“' 

Practically all absorptit»n takes place in tht* 
small int(‘stiii<*. Little loot! rtanains tt» bt* al»- ^ 
sorlx'd by the time the eont(*nts of the small Sji 
intestine* 1 each th(‘laig(‘int(‘stine. The small S: 

inti'stme offers a large* *'Uiface* area for al>- 3 ^ - 

•'orption. Its appaie nt aiea Is mere*ased frean 3 
thr(*e* te) t\ve*lve time's by tinge*!like* ])rojec‘tions * w 
call<*d villi (see Fig. IS), winch pioje‘ct inteMhe* 
lum(*n e»f the* int(*stine. It is through the*se villi ^ P 

that lueist absorptmil takes I)lae*(‘. Inthe*cen- —£ 
te‘r of eae-h \illus is a vess<‘l ealle*d a lacteal, -'.f;; 
which is fille'd with a ceiloiless thud, lymph. ' 

Around the* lacte'al is a network of capillaries, \\ 

by nie*ans of which the* hloexl is brought very \\j 

e lose* to the surfae-e*. 

Absorption of Carbohydrates. .\fte*r the*eii- *' ***• The wirurtun* of 

*• I 4 .1 I I I 4 a Villus. On the oiiUide* an* 

gostive* j)roe'(*ss is e*e)inple*tt*, the* carbohydrate's . , „ r .i 

r I r t . • r r I lllllllg CtIN of lIlC IlltCS- 

eif the* fooel are* in the* form ot the monosac- Within w unet work of 

cliariele*s, glucose*, fructose*, aixl galiwtose. raniHuncH in tlie cemtor of 
Th<*se mom)sacclmrid(*s are* absorlxMl directly whuh im a lymphatie*, 7^. 
into the* bioeiel stream. Some abseirption iniei ^**^*‘^‘* bssue* within the 
the lymph undoubtedly occurs. The* bloeid f<*r 

(‘arries the* sugars to the* livtT, wlH*rc they are* ,,y stik‘«. (k,urtc«y of 
converted into glycogen, in which form th(*y w. B. Baundoi^ Co, 
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are stored. It is an interesting fact that any hexose monosaccharide 
absorbc^d is eonvert(Ki into glycogc^n. When glycogen is later broken 
down to supply sugar to the* tissiu^, it fonns glucose. Glycogen is also 
stored in muscl(»s. 

If large amounts of (lisaccharides are fed, small amounts may \xi 
alworix'd into tlie Ijlood. The aliwjrix'd disaeeharid(\s are of no value 
as food but arc* e.\er(*tc‘d in the urine. Lactose* is l(\ss easily digested 
than maltose* aixl sucrose* and hc‘nce may find its way to the lower 
regions of the* small intestine Iw^fore digestion takes plac**'. Some may 
even reach the large* int(*stine, where it may serve jis food for intestinal 
organisms (’(‘itairi la(*to.s<‘-f(‘rnu*nting mieroorganisms, which are said 
to lx* higlily lM‘nc*ficial, may Ik* (‘ncouragc'd to grow in the large intestine 
by eating large* (juantities of lae-te)se. 

The*re* is *‘vielene*e* to indicate that mone)S{M*ehariel(*s are convc*rted 
into he*\e)se‘ pliosphates in the* int(*sfine* and are* absorbed in this form, 
rathe*!' than as simple sugars. 

Absorption of Fats. During dige*slie)n fats are* hydre>Iyz(*d to glycerol 
and fatly JM'ids. Tlu*se* are* al)sorlH*d mainly in1e> the* lymph, where 
thc'y appear as r(*synthesize*<l fat in the feirm of an (*mulsion. This lymph 
eontaming lat is e*alle*<l chyle, .fust whe*re and he)w fatty ae*ids anel 
glye<*rol unite* to form fat alter abse)r])tiem is a (juestion which has not 
l)een sali^fae'torily ansv\e'n*<l, 'idie* fiM*t that fat glol)iil(*s appe*ar in epi- 
th(*lial c(*lls of the villi has sometiin(*s lM*e'n interprete*d to m(*an that fats 
may lx* absorbe*d without In'ing hydreilyzed. now(*v(*r, it is generally 
bc'lieveel (Init fats are* abse)rlH*d as glye*(*rol anel fatty iu*ids. Since gly- 
ecre)l is water-soluble*, there is ne) difficulty in e'xplaining its absorption. 
Fatty ae*ids, lu)wev(*r, are insoluble in wateT, and h(*nee there must be* 
anoth(*r e'xplanation for the*ir absorption. Fatty acids are* soluble in the 
prese'nee (»f bile salts. It is lH*ru'vc*d that aftc*r digestiem the* fatty acids 
unite with the hile salts to f(»rni a complex, which is soluble and passes 
tlmnigh the lining of the villi. As soon as ab.soiption takes place, this 
eompli'X breaks (le>wn, the* fatty a<*kls Ub(»rateei unite with glycerol to 
form fat, anel the* bile* siilt is evc»ntually earrieel to the liver, where it is 
n*sc*ere*te*d in the bile. 

The villi thremgh a pre)ee*.ss of contraction force the ehj'le into the 
largf*r lymphatie*s, and it finally enters the bl(K)d stream at the juncture 
of the subclavian and jugular veins under the left shoulder by way of the 
thoracic duet. The blood earric's the fat to the tissues, which use wdiat 
tluw nec*d, and the rest is storc*d as fat in the fatty tissu(*s of the body. 

Absorption of Proteins. Proteins are absorlx*d as amino acids di¬ 
rectly into the bhxHi stream. After a protein meal the amount of amino 
acids in the blood increases, especially in the red corpuscles. The blood 
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carries the amino acids to the tissues, which select those they ni»ed for the 
building or repair of tissue. Those which an* not ustnl for tissue build- 
ing are oxidized to urea, carbon dioxide, and water with the priKluction 
of ene^g>^ The body d(K*a not ston* protein as it does carlxihydrate 
and fat. 

Then* is some evid(»nce that large moliKHik^, such as |x»ly|H*ptides or 
I)cptones, may lx* alxsorlx*il under certain conditions. If undigested or 
partly digested i)rot(‘ins are rejx'atedly inj(‘ctcd into the blcMxl or tissue of 
an jinimal, the* animal may nxcnvi* a w*vert' shock or <*ven die after an 
injection of the same protein later on. Shock or death immediately after 
the administration of diphtheria antitoxin is usually dut* to tlu* hu't that 
the patient Is sensitive to the proteins of the luirsi* serum which contains 
the antitoxin. If the absorptive m(*chanisi>i of a |)#*rson allows partly 
hydrolyzed protc'iiis to lx* absorlxsl, similar symptoms may devc*lop 
upon the t‘ating of sjx‘cific proteins. Many conditions, sui’h as ^isthma, 
<*czcma, and hay fev<*r, are known to lx* figgravattxl by certain protein 
foods. It is lx‘li(*ved that in tlx^se c:ls(^•^ c(*rtain protein focxls arc* 
absorlx'd in a jiartly digested form. Aiter absorption th(*y lx‘have just 
as foreign y)rot(*ins do when injected directly into the* blood or tissue. 
'Fhis p(*culiar Ixdiavior of some indivieluals toward certain protein fixxls 
is interpreted as meaning that largcT molecules than amino aeids may be 
alworlx'd. 

Absorption of Salts. In adeiitiou to the* e)rganie feuxl mat(*rials, inor¬ 
ganic salts are* also absorlx*d tlirenigh the inte*stinal wall. Ileiwcvcr, not 
all inorganie* ions arc absor]K»d vvith cepial e*iisc. Sexlium, ped.ishium, anel 
chloride* ions are* aKsorlx'd re*julily, but magne*sium and sulfate* ions aro 
al>sorlx»d with difficulty. The laxative* action eif Kpsean salt, which is 
the* cominem name for magnesium sulfate, is due to the* fact that mag- 
ne*sium sulfate* is slowly abs<)rb(*el anel h(»nce* withelraws wate*r frenn the* 
bexly into the inte*stinc, thus lique»fying the fe*ccs. The* absori)tie)n e)f 
calcium and phosphorus is aid<*d by the* administrafiem of vitamin D, 
the antirachitic vitamin. 

Mechanism of Absorption. The* cxjict mechanism by whie*h the* simple 
f(X)d molecule's are al>sorlx*d is not knemii. rnde)uble*dly such phe- 
nome*na as osmosis and Oonnan ecpiilibrium j)lay important parts, but 
they do not explain everything. There* is some evidene*e* that the* white 
blcKKl corpuscles, which arc numerous in the int(*stinal nnK*eisa, a(*tually 
pass through the intestinal wall, lx*come loaded with foexl, and carry it 
back into the blood and lymph. Some d(*ep-s(*ate*ei chemical attraction, 
as yet undetermined, lx*tween the jirejtoplasm of the tissue ccills and 
food, may prove to lie the real explanation of how fexids are absorbed. 

Feces. As the contents of the small intestine enter the large intestine, 
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they are semifluid and consist largely of iin(lig(‘st(*d fo(Kl and the remains 
of the digcistive juices. There is very little furth(*r digestion in the large 
intestine. Much <»f the wati^r of th(‘ intestinal e'>nt(‘nts is absorbed here. 
The contents of tin* largi* int«*stin(* an* called tlu* feces. Alx)ut one- 
fourth of dried fe<*(\s is bacteria. In addition to food residues the feces 
contain bile salts, bile pigiiK^nts, .sterob, inuciii, aii<l inorganic salts. 

The diet only partially 4l<*t<Tniine> the character of the f(»ces. During 
starvation th«‘ (juantity ot fec(‘s is gn'atly n*duced, but still th(‘y are pro- 
duc(»<l and are not gn^atly diff(‘rent froin xsluit tliey normally are. This 
hiet indicates that tht‘ teces ar<‘ pnxhiced mainly by an (*xcn‘tion of the 
digestive tract. Ko<m1s which art* bulky and contain much indig(*stibl(* 
matttT, such jis (‘cllultKst*, iiicn*:usc tht* vohimt* of tec(*s. Upon an ordi¬ 
nary mixi'd tlit‘l, from 2.") to oO grams of f(*cal dry mattt*!* is produced p(*r 
day. 

Intestinal Putrefaction. It Inis btH‘ri (*stimat(*d that about om^fourth 
of tin* fec.al matt(‘r is microorganisms. Thesr* microorganisms live on 
the organic matt<*r fm‘s<‘nt and arc rt'sponsiblt* for many products of 
metabolism, sornt* of which art* lK*nt*ficial. and otht*rs of which may Is* 
harmful, to man. 

Among the products which may ht* utilized b> man art* such sub- 
stanct*s JUS ethyl alt*ohol and lactic, tM*t‘ti(*, butyric, and succinic acitls. 
In herbivorous animals it has bit*n shown that cellulose ma\ be con- 
vertetl by bacteria in tin* dig(‘stlv<* tract into sim|)icr com|)t)unds which 
are utilizahle by the animal. In cows ct*rtain bacteria i)rest*nt in tlu* 
rumen have the ability to syiitlM*sizt* vitamin H] 1'hat lhi> capacity for 
syntlu*sis may be an important .source of this vitamin lor cows is shown 
by the fact that cows can livt* on a diet lacking \ itamin Ri. There is at 
pmst'iit coiLsitl(*rahlt‘ t‘videnct* to intlicatt* tlial intestinal microorganisms 
may 1 h* an imixn-tant source of .sc*v(*ral vitamins in man and other ani¬ 
mals. In gen(‘ral it may In* stat(*d that llie lw*n(*ficial or harmkvss prod¬ 
ucts of ba(*terial action in the digestive tract are tlu* result of tlu* action of 
bacteria on carbohydrat<*s. 

The harmful pniducts of intestinal putrehu'tion an* llu* result of bac¬ 
terial actitm on amino acids dcrivetl from proteins. Hu* number < I 
fKXssibU* physiologically active products wliich may lx* denv<*d fre m 
amino acids is so large that not all of tlu*in can in* discussi*d here; only 
a few’ typical examples will In* mentioneti. 

If carbon 4li()xid(» is removixl from tlu* (*arbo\vl group of an arnino 
acid, an amine re.sults. .Many <»f the.s(* amiiu's arc toxic, and others havi* 
markfHi physiological pro|x*rti('s. .\ii example of a physiologi(‘alIy a(*tive 
amine is histamine*, which may lx* fornuHl from histidine thus: 




Another <yp(* of cluiiiK^' \^hi(*h nun occur in iin amino acid In'causn of 
intc^^tinal putrefaction invoivc's the' ix^nioval of llic amino group and 
the' production of an acid. In thc^ aromatic ammo acicLs the sidc^ chain 
may Ik* further oxidized, Ic'aving tc»\ic* products. K\iimpl(*s of this tyjx» 
of change arc* the production of phenol from tyrosine*, and indole and 
skatole from tiyptophaiu*. Phenol may arise* from tyrosine* thus. 

(tl2 r\h (^ll2 



OH OH OH 


Tyrnsim* />-llv<lru\\plu‘ii\li»ropioiiu* iienl Phitiiol 


By a similar ])rocc*ss skatole and ind(»le can ongmatc* from tryptc ))hane. 
The* following diagram doe*s not indic*ate‘ the* mterm(‘diat(* st(*|)s in this 
re‘action. 



Indulo 


Indole and skatole are the compounds which are rcspcjnsible for the 
characteristic wlor of the feces. Wlien they arc absorbed into the blood 
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in mifficicnt quantities, they give the breath a fecal odor, sometimes 
spoken of as halitosis. 

Another toxic pnsluct njsulting from the int(?stiiial putrefaction of 
proteins is hydrogen sulfide, d(‘riv<Ml from the amino acid cystine. 

Perhaps the most inijsirtant harmful (*fTect of bac'teria is that many 
of them produce toxin.s which, when al>sorl)ed, are harmful. Sometinu»s, 
in food poisoning, the toxin may In* sufncicritly [)ot(‘nt to caiLS(» death. 
It is quite j)ossihle that even Inwteria ordinarily consid(‘r(‘d harmk^ss 
prcxiuce mild toxins which may account for many minor ailimmis, such as 
headaeh(*ri. It has lK*en shown that many bacteria which produce toxins 
on media rich in proteins <lo not <lo so on media rich in carbohydrates 
For this reason a low'-prot(‘in diet and om* containing a sugar such as 
lactose, which is not easily dig(‘ste<l ami whi<‘h thtTcloro reaches the 
lower bowel, may 1 k‘ l)em‘ficial in pr(‘venting undesirable int(‘stinal putre¬ 
faction. 

Detoxication. From what has b(‘(‘n said, it might inferred (hat 
the prcKlucth of intestinal pntr<‘(jiction an* a constant numace to health. 
This would possil)ly be triK* if it were not lor tb(‘ fact that the body has 
excellent <l(*fens(* m(*chanisnis ligainst tlu'sc* toxic products. Under 
nonnal eonditions the Ixxly can take* care of the small amounts of toxic 
.substanc<»s absorlnxl from the intestine. Perhaps the nuist inter(*sting 
nicthod is that known ius protective synthesis, in which the toxic sub¬ 
stance is eombined with sojiu* harmless compound which n‘iKl(‘i*s tlu* 
toxic compound less toxic and mf)r(* cjisily i*]iminaled by tin* kidney. 
For example, benzoic acid may unite with glycim* to lorm l)ij)i)uric acid 
thus: 


(X)<)II 


-f- iij.\(’n2(H><)n 


Hftnsoic ncul (lUpinc 


() 

H 

4" II 2 O 

Uippurir aciil 



lionioic acid may also unite with (-hiciironic acid to fonn an ester which 
is no l«>njr('r toxic and which is easily ('Iiminatc.!. 1‘hcnol may unite 
with sulfuric acid to form a sulfate or with glucuronic acid to form a 
glucosid('-likc complex. 

Indole may 1 m‘ oxulized to the hydroxy derivative and conjugated with 
H 3 S() 4 . The potassium .salt of this <leriviitiv<' is calhxl indican. Its 
presence in the urine may Ix' ileternuniKl. and tlu* quantity pn'semt is 
said to be a measurt* of intest inal put r<‘f:u‘t ion. 
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Other typC'J^ of detoxication involv«‘ reduction, hydroiy«is«, or the oxida¬ 
tion of th(‘ toxic product to harmless oxidation ])roduc*s. Other exam¬ 
ples of prot(Ttive synthesis could Im' given if space* j)erniittecl. 


REVIEW QUESTIONS 

1. Define nhsorption In ^^ll:)t p:tit of th< dif^estive tract (loos most ahnorption 

0( ( 

2. I^esenlM* 1h(‘ stru( ture of a mIIiis 

3. What IS h inpli*^ 

4. Disease tin* alisorptioii of ciu’bolnilrates, fats, and protcMiis In what rhemi- 

<'.d form IS “a< h al>so!l)(‘<r^ \\ hieh foods are absorbed dir<*< (ly into the bI(M>d Hlri'am, 

and which into the lymph 

5. (h\e oMi' reason why Kpsuni salt is a laxativi 

6. Discuss the mechanism of a!)st>rption 

7. Discu'-s th(* natun* aixl oTii;m of feces How do(*s diet affoct the amount and 
natiiie of feees*^ 

8. Discuss int (‘St mal jiut refact ion 

9. llow' muv histamiiK', ])hcnol, skaloh*, and indoh* onginate in the intestine? 

10. Name two imiMiitant methods l>y which the body removes toxic products of 
putief.iction 

11. What IS mt‘ant by protective synthesis*^ (Jive an example. 
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CARBOHYDRATE METABOLISM 

Metabolism. Diirinu the f)r<K*c‘ss of th<» rornplex food mole- 

(!uh‘H an* brokc'M down into tin* siinplo units of which they are composed, 
Tht'Si* siinpli* molecules pass through tin* int(‘stinal lining, either directly 
into the blood stn^ain or imlircclly through the lyint)h. Hy the blood 
they are carried lo all the tissues of th(‘ Ixuly, wdaT(' they either are uwkI 
for buikliriK new oi n*pairiii>5 worn-out Inuly tissue or ar(‘ oxidizc'd for 
encTKy. Any (‘XC(‘ss may be store<l in thi^ form of ^lycoj^cm or fat for 
futur(‘ use. 'rh<‘re appears to 1 h‘ very litth* storaj^e of piotein by the 
tissue's, 'rhe clu'inical chanj^es whi(‘h absorbc'd food mol(*cul('s underj^o 
after absorption are kii<‘wn as melabolisin. 

Tritil r<'C(*ntly, largely because^of the wo! k of Folin, it wtis thought that 
there were two <listinct type's of nH'taboli.sm, nanu'ly, endogenous and 
exogenous. If a food moh'cuU' became a part of the body tissue', it w^as 
saiel to go the' ('neleige'uous remte* eif me'tabejlism. Fe)e)d me)!('cule's which 
iK'ver be'came a part <»f boely tissue' but we'ie e)xieliz(‘d fe>r energy WTre 
said to g<» the* ('xoge'iieuis route*. The'se* twe) route's of nu'tabolism w^e're 
thought te) be' distine't and inde'pe'ndc'nt e)f <*ach e)th(*r. 

The building-up phase* of endeigeneius metabolism was calleal anabo¬ 
lism, anel the' bre'akdenvn (»f ti.ssue' was referred te) txs catabolism. The' 
br(*akele)wii of e)tlu‘r than tissue' mole'e*ule*s was also re'ferred to as catab¬ 
olism. 

Work by Se*hoenhe*ime'r and others, in which me)le‘cul('s were lalx'le'd by 
intrcMlucing ise)toj)ic or hc'avv hy<lre)ge'n, nitroge*n, carbe)n. sulfur, e)r 
riwlie)iie*tive j)he)sphe)rus ate)ms, has k'el te) the* (*e)ne*lusion that there is no 
sharj) elivieling line' lM*tw'i'(*n endoge*ne)us anel I'xoge'iious me'tabolism. In 
fact, the*se* two type's e)f me'tabolism are so intimately iissex'iate'd that 
they must be' consiele*re*d one*. It has l)e'e*n she)wn that labe'le'el foe)el mole¬ 
cule's are' (‘ontinually e'nte*ring anel le*aving tissue' me)l(*cul(*s, that groups 
fremi e)ne me>le*cu!e are passe'el on te> e)ther mole'cules, and that there is a 
constant e*hange' e)f one* me)le'e*ule inte) anothe'r. In fact, living matter 
ap|H*ai>; te) 1 m' in a constant state* e)f flux. 

(''arl)e>hy<lrate'S are' use'el by the IxHly mainly as a source of emergy. 
Howt'ver, it she)ulel In* lK)rne' in mind that tlu'y are found in some of the 
most im{)e)rtHnt e'oiniM)unds of the IkhIv, such as the micleoprote'ins of the 
cell nuele'i, the' galacte>siel(‘s of the brain, and the glycoproteins of tendons, 
cartilages, and the mucin of the saliva. 
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Glycogen. During the digestion of carbohydrate foods the mono¬ 
saccharides of importance which ix'sult are glucose, fructose, and galac¬ 
tose. They an^ ahsorbcHl mainly into the blood stix*ain and are carrie<^ 
by the portal circulation to th(^ liver. In the iK)rtal circulation all three 
of these monosaccharides may be found, and tlu* concentration of sugar 
after a meal may lx» twice iis high in the jK)rtal as in the g(*n/ral circula¬ 
tion. In the general circulation the sugar in the blood is g|/ic<3Si', which 
is presc'iit normally to the extc'iit of about 0.07 to 0.09 fivv cent or, m 
usually stated, 70 to 00 mg. |)er HM) cr. f , 

In the liver, fructose and galactose are converted iriJfo glucoses and, 
when tlu* glucose conceaitration (‘xceexls tlu‘ normal J^wel in th(‘ bk>od, 
glucose is ct»nv(*rt(‘d into glycogen, sometimc‘s called Animal starch, and' 
stored in the livea* or musch's. 'I'lie live*?* may steux* 10 to If) ]H*r cent 
by weight of glycog(‘n, and the muscles 2 pe^r cent. '^Fhe glycogt'ij stored^ 
in the liveM* s(‘rv(‘s as a resc'rvoir from which ghicjose may Ih‘ drawn tgl 
maintain a rather constant c<»nce‘ntrati<»n in the* blood, li large iiuanti- 
ties of sugar an* ealeai, the body is unable to cemvert It all to glycogen;j 
and the conc(‘ritration in the blood increase's. When the coiK'cntration 
in the blood reach(*s ItiO to ISO mg. i)er KM) ce*., sugar appears in the urine'. 
'Fhe point at which sugar aj)})ears in the* uritu' is calhsl the sugar thres¬ 
hold. 

The glucose in the blood may origi?ait(* from otlu'r sources than the 
carbohydrate in the* fe)e»d. If mem' predi'in is e*Mt(*n than is ree|uired by 
the* be)dy, ce'itain e)f the* amine) :*.;iels may be* e*t)nvert(‘el inte) glucose. 
Al)e)ut (K) jK'r cent of the* amine acids in pre>te'in are caj)able* of fe)rming 
glucose in the IxkIv. Since* the glye*(*rol of fats may fe)rni glue*e)se in the 
Inwly, anel since* fats are* e*e)m|)Ose*d e)f abe)ut 10 p(*r cent glyce*rol, 10 p<*r' 
e*e*nt e)f fat may be* so conve*i*te'd. Ai)])an*ntly tlu* fatty ae'ids of a fat 
canne)t be* e'e)nve*rte*el into gluce)se'. As will be* pointe*el out lat(‘r, lactic 
aciel, which is a pre)due*t of glue*os(' me*tab(»lism, may be* rece)iiv(*rte'd into! 
glyce)ge*n in the* liver. 

Muscle Metabolism of Carbohydrates. Hu' proc(*ss(*s by which glu- 
eost' is e)Aidizt'd to ('(>2 anel IJot) in the* animal l)e)ely are* eliffieult to under¬ 
stand. A gre*at el(*al ejf work has lK*en ele)ne* em the* e'li(*inical (‘hanges 
w'hieh occur during the fe*im('ntatie)n e)f sugar by y(‘ast and alse) on the, 
ehemieal changes which take phiex* whe*n earb()hydral(*s are* metabolized 
in muscle*, but as yet the story is not com]>l(*1(*. In spite of considerable 
similarity Ix'twi'C'n yc'ast anel muscle metalx)iism, the*re is this important 
difference. In ye*ast ft*nu(*ntation the* end proelucts are ethyl ale*ohol 
and carbon dioxide, where'as in muscle me*t..holism lactic acid is formed 
in place of ethyl alcohed. The final c*nd prenlucts of carbohydrate 
metabolism in the body are carbon dioxide and wat(*r. 
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Vnm the information at prt‘ri«*nt available it appears that the carbo¬ 
hydrate metabolism taking pla<-c in niusck' is as follow s: The fdycogen 
of the muscle seems to be the piitimry source of carfsibyclrate lot muscu¬ 
lar activity. Very likely the fust n*aetion tn\obi's the hydrolysis of 
glycogen to a hexose sugar. The sii-ond step appan-iitly is the forma¬ 
tion of a compound in which the hexosi- is combined with two molecules 
of phosphoric acid. In this comiHiund, called hexose diphosphate, the 
'sugar appears to lx* fructose, rather than glucose. 
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The phosphorio Jicid for tlic toniiin nm ol liijctoso dipliDsphiito niav hr 
dorivod from iiiorgaiuc* pliosphal(‘s, h.’jt it appeals to coiiu* Tiiaiiilv from 
adenylpyrophosphate, is coiui'itivl into adenylic acid, a nucloo- 
lido, thus 
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A sul)8tance called hexokinase aidh in tht» fom »ation of fructose diphos* 
phatc fnun fnictoRc and phosphoric ac’id. 
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The next step involves the splitting of the fructose diphosphate into 
two tnose monophosphates, thus: 
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'rh(‘ two tnos(‘ monoi)hosphato.s forin an (‘<]uilil)riuin mixture*. 

Two niol(*c*ul(*.s of /^j-phosphoglyceric aldehyde rK*xt un(l(*rgo an oxida- 
tion-rociuction reaction in which one inolccuh* is oxidized and the other 
i(‘due(*d, forming ^-phosphoglyceric acid ami phosphoglycerol, thus: 
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Hie next rt'action ih u n'erriuigement in which the phosphoric acid of 
/S-phosphoRlycerie a<*id shifts from the ix>ta to the alpha position. 
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Th<‘ cpnc aciil l()s<*s a inolccuh' of water, forming the 

phosphatf* of tlie (‘iiol of pyruvie arid. 
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Phosphopyruvic acid th(*n h><lrol\zes to form pyruvic acid, tluis: 
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The pho.sphorie acid liln'ratc'd in this reaction is used to resynthesize 
adenylpyrophosphate from adi'iiylie acid. The adenylpyrophosphate is 
then availalile for converting mon* hexosc* into fructose diphosphate. 

Pyruvic acid ifaids with pho.sphogiyc<M-ic aldcdiyde, a product of a 
previous n^iwdion, to form lactic acid ami /!:/-t)hosphoglyeerie acid. The 
/3-phosphoglycerir acid will Ik* reeognizeil as one of the f*arly products 
of the foregoing stories of reacdions. It enters into the sc^rit^s again and 
eventually forms lactic acid. 
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TIuto still n‘inains tin* quostion t)f what }uq)pons to tin* jM'id. 

It is iH'lipvpd that most of it is (‘hangi'd l)a(‘k to musclo f»lyco> 5 Pn. Some 
^ots into the blood, which carn<‘s it to tlic livt'r, when' it is converted 
into j^lycojjjt'ii. Sonn* finds its way into the urine. About 20 |X'i t ent is 
oxldizi'd to carbon ilioxide and water. That which is oxidized possibly 
follows the following route of metabolism: 
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In lh(' presence* of an ad(‘(|Ui‘ite supply of oxyj;en no appreciable* amount 
of lactic acid can be elete*cte*d in muscle*. Kor tliis re*ase)n it is soundime's 
thought that lactic acid is ne)t a nemnal int(*rme*eliate* in (*arbe)]iyeIrate 
iiietabedism, but that pyruvie* aciel is directly e)xieiize*d to (>2 anel 1120 . 

In yeast fernn*ntatiem the* e*he*mical chanp;e*s are* preibably similar to 
those* just discusse*d, e*xe*e*pt that, whe*n tlie* pyruvic acid sta^e* is re'ached, 
elecarbe).\ylation tak(*s place* with the* feirmation e)f acetaldehyde iiiste'ad 
of reduction with the formation of lactic :iciel. The ac(*talelehyde is then 
reduced to ethyl alcohoL 

According to Kre*bs, the reiictiems involve*!! in the* final oxidation of 
lactic e>r pj’riivic acid io ('(>2 anel Hot) is a much nieire e'emqilie'ate'd affair 
than that which is indie*ate*e;l by the* fore'ge/mg se*rie*s e)f reae-tiems. Ac¬ 
cording to this thee^ry, lactic aciel is oxieIize*el to pyruvie* aciel, whie*h reacts 
with oxalae(*tie aeiel to form citrie* aeiel. The e*itric aciel is ceinvertcHl 
into a-ketoglutaric ae*id, wiue*h in turn is change*d tei sue*e*inic ae*id. Suc*- 
cinic acid next goes to funiarie arid, the*n to inalie acid, anel finally to 
oxalaeetic arid. The oxalacetic arid fe)rmf'd re*ae*ts with more pyruvic 
acid, and the cycle is rei)eated. During the eweie the* iiyruvic aeid is 
oxidized to CX )2 and H 2 f). The more impejrtanl steps in the* Krebs cycle 
may be represented diagrammati(*ally thus: 



SIO 


CARBOHYDRATE METABOIJSM 


Oxalaoptic acid 


Lactic add (CHa-CHOH COOH) 

Pyruvic acid (CH3*C==0*CC)0H) 
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ruric acid (C:()()H CH 2 *(^(OH)((: 0 ()H)-Cn 2 (M)()H) 
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a-KotoKlutaric acid (d )()H*C=-() C^H2 CH2 (X)H) 
I +HiO-2H-a)s 

Succinic acid (('OOH CiIrCHrCOOH) 


Furnaric acid (COOU Vll-^ClhCOOH) 
I ♦H.o 

Mali(‘ acid ((HXm-C'HOIl-CHrCOOH) 



Oxalaccfic acid (COOH CV4).CH2 CO()H) 


In thih of n*iu‘tion.s tlu' bydrogt'iih arc ()xuliz(‘d to 112^). The net 
result of the n*actions is the production of thr(‘(‘ molecules each of ('(>2 
and H 2 O and the disapjM*aran<‘e of oiu* inoltTule of pyrin ic a(*i<l. 

In order that ciTtain of the reactions outlined n»ay proc(»ed, two things 
are necessary, namely, magnesium an<l a coenzyme. T1 h‘ (*o('nzyme is a 
com]X)U!id consisting of adenylpyrophosphate, a pentose, and nicotinic 
acid amide. The adeny I pyrophosphate part of the molecule aids in the 
formation of hexose phosphates, and the nicotinic ai‘id amidi^ in oxida¬ 
tion and riHluction reactions. The inanni‘r in whicli nicotinic acid 
amki(» may act in oxidations and nMiuctions is evidc^nl from the following: 
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Muscle tissue cfintains a high concentration of creatine phosphate, 
which is constantly being broken down into crt*atine and phosphoric acid. 
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This reaction is accompanied by a liberation of energy. There is also a 
constant resynthesis of creatine [^osphate. It is believed that these 
reai'tions are of importance in muscle metabolism, but at the present 
time it is uncertain just what part they play. 
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From the forogoinp; discus^^ioii it is tibvioiis that th(‘ <*}i(‘niical (*luinKi‘s 
taking? plaro in inusrh* tissiK* arc* oxtivinoly complicated. Just why a 
muscle should contract when th('s(* reactions occur is a (piestion which 
has not lM*en satisfactorly answered. One explanation is that the lactic 
acid formed alters th(‘ pll of the muscle prot^'ins, causinii;changes in sur¬ 
face (‘iiergy which n'sull in contraction. An ol>j(‘ction to this theory is 
that lactic acid is not produced until after the n usch* luis eontraetcxl. 
At the present time attcunpts are Inung nuide to explain muscular con¬ 
traction on the l)a.sis of changes in the* orif'ntatan of mo]ecuh‘s in the 
Iirotophismic structure as a rc^sult of tlie eluuiiical change's taking place. 
The final answer to the j)roblem is left to the* future*. 

Conversion of Carbohydrates to Fats, It is common knowle'elge* that 
the cenisumption e)f large* eiuantitie*s of carl>ohyelrate*s e*ause*s a jM'rson te) 
he'come fat. It is the*rc*fore e*vide*nt that the* hoely has a me'chanism for 
cemverting carlM)hydrate*.s to fats. "Ilmt such a ce)nve*mif)n actually 
take\s plae*e* may 1 m* e*asily ele*moust rat e*el. Fats ceinlain le*.ss eixyg(*n than 
carbohyelrate's. Whe*n carbohydrate's an* e*e)nve*rte*d into fats, the extra 
e)xygen is tise*d fe)r oxielatiein purpe)se*s. Ilms one* doe*.s not eeinsumo as 
much e)xygen from the* air Jis when this cemve'rsiem is ned taking place. 
When carbohydrates are* be*ing e)xidize*el, the* volume* eif oxyge*n cr)nsuTru*d 
is eejual to the volume* of (X )2 pnKiue*e*el. When earbohydrates an* 
changing to fats, the volume e)f e>xyge*n e*onsume'ei is le»ss than the volume* 
of ('(>2 pre)duce*d. Since* this high ratio e)f ('t >2 pnxluction to eixygen con¬ 
sumption actually can lx* de*inoastratcd, it is tak(*n eis proof that fat 
^ sjTithesis from carlK)hydratc's actually occurs. More direct evidence of 
fat synthesis has been obtained from experiments on cows. After cows 
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have fed on a low-fat diet, more* fat has been found in the milk than 
could pofi«ibly eome from the fat in the fcx)d. 

As far us th(‘ rneehaiiisrn by which fats are synthesized from glucose is 
concemt^d, w<‘ must coiisultT the synthesis of b«)th glycerol and fatty 
acids. CilyecTol could easily be formed from phosjdioglycerol, an inter¬ 
mediate prcKluot of glucose metabolism. "I'lie synth(*sis of long-chain 
fatty aedds is not so sirnph*. It is an interesting fact that all thf‘ longer- 
chaiixul fatty a<*ids found in nature have an (‘ven numl>er of carh:n 
atoms. Tlu‘refon‘ it app<‘ai-s as though the* fatty aeids are synthesized 
from simple units eontainiiig two earlxm atoms. Possibly acetaldehyde, 
one of iUr products of carbohydrate degradation, is tlu* fundamental unit 
from which lr)ng-chain fatty aci<ls arise*. A familiar reaction in organic 
clu*tnistry is the aldol condensation, in whie'h two mol(*eul(*s of ae(*talde¬ 
hyde unite* to form aielol, vvhiedi is the* hyelre>xv el(*rivative of butyric 
aldehyele*. Aldol cond<*nse.s with meire a(‘(‘tald(‘hyde, ine*reasing the 
iemgth e>f the* chain t)y two <‘arbon atoms, 'fhe* operatiem is contiriueHl 
until le»ng-e*hain li>dre)xy al(Ie*hyde*s are* produerd. By oxielations and 
re elue*tion.s the* fatty acids nn* f)re)duce*d. By re*me)ving wate*r from the 
hyelroxy acids, an OH from euie* e*arl>on ate)m and an II from a neiglibor- 
ing e*arb(jn atom, a double* bond wemlel re*sult, thus accounting for unsatu- 
ruted fatty aciels in fats. 

Amino Acid Synthesis from Carbohydrates. \\’h(‘n we consider the* 
metabolism e)f prote‘ins, wi* .shall fine! that erne* of the* first ste'ps in the 
imtaboli.sin e.f amiiiee acids is the* n*me»val e)f the* Xllo grouf) to form NH 3 
!ind a ketone acid. For alanine tin* re»ae‘tion would bt* thus* 

('ll;*. ru.i 

I 

IK Nil, 01 - NHa 

I 

coon ('OOll 

.Mnniiu* jiritl 

The ke*tone* acid hen* is pyruvic ae*id, erne* e)f the* products forme'd during 
the nu'taboli.sm of glue*o.se. It is ve*ry po.s.sible that this re*actie>n is 
reve'i-sible* anel that a simple* amino acid like* alanine* may Ik* synthesized 
from pyruvic acid, a |)roelue*t of gluceise* me*tabolisin, and Nila. There* 
is ve*ry eU*finite* ]>re>of that glycine*, the* simple*st amino acid, is synthe- 
siz(*(l in the* animal body. It is epiite* peissible that several e)f the simpler 
amino :u*ids may Is* synthesizc'd in the IhhIv from products e)f carlje)hy- 
drate metabolism anel NH 3 . 

Carbohydrate Synthesis from Protein and Fat. We* have just se^en 
that fats anel ee'rtain amine) iieiels may lx* synthesize'd fre)m earbohy- 
elrates in the animal IkhIv. Then* is very eU»finite evielenee that glucose 
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may arise from protein and to some extent from fat. In diak'tes, a 
disease in which the l)ody has lost the power of oxidi^ini; sii^ar, sugar is 
eliminated in large* quantities through the urine. If a elialx'tic jK'mon is 
given no food, sugar still appeai-s in the urine even after the glycogen 
reserves are used up. I'ndcM* tlu'se conditions the nitrogem in the urine 
also increase's, showing that body protein is Ix'ing converted into sugar. 
In severe dialx'tc's tlie ratio of glucoM' to nitrogen in tiu' urine is 3.0/):1. 
These figures mean that for every gram of nitrog(*n in the urine theivaro 
3.65 grams of glucose. This ratio of glucose to nitrog('n in the urine is 
known as the G:N ratio and is of great importance in the study of 
dialx'tes. 

The conversion of fats to (‘arlxdiydrate's in tlu' animal body is a qtu's- 
tion upon whicli piiysiologistsare not agrc*c‘d. All agree* that the*glycerol 
I)art of the fat molecuU* n.ay be cemverte'd into sugar 'riie glycerol is 
probably first changed to glyceric alde'hyde' by oxidation. It is bi'lie'ved 
that the fatty acid jiart of the inoh'cule is not cM|)al>lc* of forming sugar 
but has a special metabolism of its own \\ hich will lx* discussc'd latei. 

Diabetes. Dialx'tcvs is a dis(»ase in which tin* Ixxly is unable to utilize 
sugar. It is charact(*riz(‘<l by the ai/p(*aranc(' of sugar in the urine. 
ISormally the* urine contains about 0.05 jM*r c(‘nt of sugar, a (piantity so 
small that F(*hling's solution is not reduced by it. In diab(*t(‘S jus much 
as 10 per cent of sugar is freepiently found in the* uriru*. 

The fact that large amounts of sugar an* found in the urine does not 
ncc(»s.sarily mean that th(* subji'ct has dijibet(*s. If Ijirge (juantities of 
sugar are eat(*n, tin* sugjir may be absorbed so rajiidly thjit the* body is 
unable to C()nv(*rt it into glycogen bust (*nough to iiuiintain the sugar 
concent nit ion in tin* blood at a normal value*. When the* couc(*nt ration 
in the blood exceeds 160 to ISO mg. fx'r 100 cc., the sugjir lhr(*shold is 
exceeded and sugar apjiears in t lu* urine*. ’^Fhe appe*aranc(* e)f sugar in the 
urine unele*r the*.se e*onditions is kneiwn jus alimentary glycosuria and is 
not serious. As seiem as the* e*\e*ess sugjiris e*liminate‘d, th(‘ individual 
rt'turn.s to normal. 

Some individuals have* a vc'ry low sugJir thr(*.shol<l, and sugar may 
occur in the urine when the* bloexl sugar is normal. This condition is 
known as renal diabetes. 

If a drug, phlorizin, is injected into an animal, the* sugar threshold 
is greatly reduced, and sugar app(*ars in the urine. This condition is 
kne)wn as phlorizin diabetes and has lx*en usc*d (*xtensive‘ly in stud 3 dng 
carbohydrate metabolism. 

Another way of causing sugar to appear in the urine is to make what 
is known as a diabetic puncture on an jinimal by int roelucing a nexnllc* into 
the base of the brain. The stimulation of this part of the brain excites 
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the nerves supplying the adrenal glands located above the kidneys. The 
adrenal glands liberate an internal secretion called adrenalinei which 
causes a rapid hydrolysis of glycogen by the liver. Sugar appears in the 
blood in such (iuantitie.s that the sugar threshold is exceeded, and sugar 
appears in the urine. 

Of especial Intercast is the apiM*arancc‘ of sugar in th(j urine in the dis¬ 
ease known as pancreatic diabetes. If a s(*ction of pancreas tissue, 
properly stairnsl, is ('xarnincsl microscopically, certain groups of c(‘lls 
which stand out lik(‘ little islands an* observed. As these were first 
described by Lang(*rhans, they have* since* lH*(*n known as the islands of 
Langerhans. They pnxluce* not the pancrt‘atic juice but a very impor¬ 
tant s<*(*retion whicli is absorlx'd din*ctly into the blood. Such a secre¬ 
tion is known as an internal secr(*tion or hormone. This particular hor¬ 
mone has l)e(*n giv(‘n the name insulin. It is now known that pancreatic 
dialH'tesiHduetoth(‘abs(*nceor lack of asufficient quantity of insulin. If 
the pancreas is n*inoved from an animal, diabetes <lev(*lop.s immediately. 

Insulin is a hormone which is ess(*ntial for th(* storage of glycogen and 
for the utilization <if sugar by the iMxly. If it is lacking, sugar is not 
stored or utilized; and, when the concentration in tlu* blood (‘xceeds the* 
sugar threshold, it is c*.xcret<*d in the urim*. In dialx*tes, bUxxl-sugar 
values may lx* very high: IKK) to 500 mg. ix*r 100 vv. is common, and as 
much as 12(K) may 1m* observed. 

If dialx‘tes simply meant an inability to oxidize sugar, the situation 
would not lx* impossibh*, lx*eause tlw* sufT('r(*r could still live on proteins 
and fats. lIowev<*r, since about 00 |x*r cent of the* amino acids in protein 
and the glycerol, or 10 jmt c(*nt, of a fat are converted into sugar in th(* 
IxKly, th<’se amounts of prot(*in and fat also cannot lx* utiliz(*d. Thus a 
dialH*tic would have* to live on the fatty acids of the fat and about 40 ix*r 
cent of the prot(*ins in his focxl. The amino acids which do not change 
to sugar in the Ixxly art* thought to lx* oxidiz(*<l for the nuKst part like 
fatty acids. Apparently there is a limit to tlu* amount of fatty acid 
which the Ixuly i.s able to utiliz<* for tlu* prodiu*tion of energy. If this 
limit is pas.s(*d, fats are incompletely oxidiz(*d, leaving acetoa(*(*tic 
acid [('Ha - (( = ())—CTla—(H)t)IIJ, d“hydroxybutyric acid [(TI 3 — 
('HOII-( 4 I 2 —(’OOnj, and acetone [('II 3 - (('1 0)—V}h] as the end 
pnxlucts insteiul of C'Oo and II-jO. Two of these substances are strong 
acids which tend to m'utnilizc* the alkalinity of the blcxul, thus producing 
a condition of acidosis. Tlu* severe iwidosis which often accompanies 
dialx'tcs is one of the dangt*rous featurc*s of the disease. Fimn this dis¬ 
cussion it can readily lx* seen that dialx*tes is a disease which not only 
interferes with carbohydrate metabolism but also upsets metabolism in 
general. 
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Diabetes is more common in people who are overweight than in those 
who are underweight. One of the first s3'^niptoms of the disease Ls a 
rapid loss in weight. Frequent urination is another symptom. Tlie 
average volume of urine produced iht day in a normal ix'rson is about 
1 liter; in diabetes, 3 liters may Ix' pn)duced. Even though the volume 
of urine is large, the specific gravity remains high on account of the 
sugar present. The color of tlie urine is light. 

If diabetes is recognizi^d in its early stages, it can usually be controlltHl 
by diet. If the patient is overweight, it may mc»an that thert* is not 
suffici(*nt insulin to supply the necnls of so much tissue*. A pc^rson may 
not have sufficient insulin to suppl\' his n(H‘ds if h(* w(Mghs 251) lb., but he 
may have plenty after he has reduccxl his w(Mght to ir)0 lb. In tn^ating a 
dialxtic patient by the dud method, carbohydrate's and fats are limit(*d 
in the diet. It is often possible' to make tin* urim* sugar-free by dieting, 
but the blood sugar may still In.* above nonnal and near tlu* sugar thresh¬ 
old, that is, close to ItiJ) mg. p(’r 1(K) ec. 'Fhe r('sl rioted diet should be 
('ontiriued until the blood-sugar value is normal. Usually it is necessary 
for the patient to eontinue on a low-sugar diet in ordei to maintain a 
normal blood-sugar value. 

If the* dialx'tic condition is so far a<lvanccd that it cannot be* controlled 
by diet, it is now possible to control it by means of insulin obtaininl from 
the pancivases of cattle. To Iw of value insulin must 1 k' injected into the 
muscle beiore (‘ating. It is very important that the proix'r amount of 
insulin lx* injected each tinu*. The (|uantity is determined by a compe¬ 
tent physician who studies each individual patk'nt with the aid of bkxxl- 
sugar determinations. Enough insulin is given to maintain th(* blood- 
sugar level at about 100 mg. jx'r 100 cc. lOacli pati('nt is, as it were*, 
titrated with insulin to an ('nd point which is a normal bkxxl-sugar value. 
Th('rc is great danger of taking too much insulin; th(*n the bkxxl-sugar 
value Ix'comcs very low, and the patient may gc> into convulsions and die. 
An experiencc'd insulin us('r can generally t('ll when he has taken too 
much insulin and can remedy the situation l^y (*ating sugar. Since 
insulin supplit's the hormone which is lacking for tlu* projx'r utilization 
of sugar, the insulin u.ser docs not have to Ix' so C'ar(*ful to avoid carbo¬ 
hydrates in the diet as d(x\s the dialx'tic who dex'S not usci insulin. He 
can to some extc'iit choo.se the tyjx* of diet he desires and usi* a quantity 
of insulin sufficient to take care* of th(\se fcxids. 

At the present time a lu'w fonn of insulin is Ix'ing used which is 
abscjrtxxl much more.* slowly than the old variety and therefore rc*quirc8 
k*ss frequent administration. This new form, called insulin-zinc-prota- 
mme» is a combination of insulin with zinc and a protamine. As a rule 
this new insulin preparation is administered only once a day. Because 
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of tbo fact that it is afiHorlx^d slowly, there is much less danger of insulin 
Hhork than with free insulin. Aisf) the blood-sugar level is kept much 
more uniform throughout th(^ day. For further information concerning 
insulin and dialx^tes .s(*e ('hapt(*r XIX. 

REVIEW QUESTIONS 

X. Defitic inotiilMilisrn 

2. What i.s meant by th<* Onus (•iirUiirciioijs ami <‘\of];onous metabolism? 

8. What H iiM*anl by tin* t<-rnis analN>liHrn and (•atalK)li.sm? 

4. Jhsruss tin* formation of KlyfORt'n 
6. W’hat IS iiHMUl bv ihosujtai threshold** 

6. Whal an* llio jirrliminarv in carlMdivdrutc mi'tabolism? 

7. Wlu'ff d(M s tlif II {P<)^ whifli IS UM'd 111 Mi^ar rm'laliolism rorni* from? 

8. Oiitliia* llio ^tops involved in tlio r on version of to lactic* acid in muKtles. 

What h:lI)pcn^ to tin* lactic acid? 

9* (live* Kf«*f<s’ thcsirv r(*Knrdini< the final oxidation of lactic a<‘id 

10. How docs ’iicI.iImiIimii in the* annual l>ody difT(‘r from .'dcoholic fermen- 

Uition? 

11. What part doc,-, nnotinic :n*id amide* plav in cailiohydratc* nmtabolisin? 

12. Wliat IS (Tcatinc pliospluitc 

13. <1 IV<• .1 tlic'oiv <*\pl.imiiij5 what happens win n a muscle contracts. 

14. Hcav arc carlwihydiatc s clianircd to fat'* m the* liody'^ 

16. (’an aiiiiiio acids be* made* from c»aibohvdiat4‘s in the body? 

16. Discuss ilic onion of caibo}i>dtatc*s tniiu fat and from proUsn in the liody. 

17. What IS m<*ant bv tln*(l \ ratio** t)f what value* is it? 

18. I ndcT wfiat cMuiditioriN nuiv ‘'U|?u in* found in the urine*'* 

19. What IS parMTc*ati( diabc*tc*^’* 

20. What arc the islands of baiiKcflians* 

21. What IS nu*aiit by acidosis* I ndc*r what conditions docs it occur? 

22. Ilowr I.S dialM'tc s trcatcHl? 
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LIPID METABOLISM 

During digestion, fats an* hydrolyzinl to glycerol and fatty acids. 
Tlie glycerol, being soluble, is reiwlily absorb(*d; the fatty acids an* 
al)sorb(»d in combination with th(* bile* salts. Most of the* fat is absorlx*d 
through the lymphatic system. In the lymph and blood, fat is found, 
rather than th(* fragments of th<* fat moh'cuhVs resulting from the diges¬ 
tion of fats. It is beli(*ved that the resynlh(*sis of fat tak(*s place in the 
intestinal lining. During the absorpt ion of fat the concentration of both 
fat and phospholipid incr(*as(‘s in the blood. 

Metabolism of Fats. Fn in our discussion of the* m(‘taholism of earbo- 
hydrat(‘sit will be n’callcd that the first st<*p in the oxidid.on eif glucose is 
its combination with phosphorie* acid. From the* fact that fihospholipids 
incn*iis(‘ in the blood during the* al)sorption of fats, it would app(*ar that 
fats also coinbiiK* with jihosplioric :w*id as a first step in th<*ir m(*tabolisin. 
Phospholipids (*ontain uirsaturate'el fatty acid, which makes th(*m more 
reactive* than saturates! fats. 

It is belie*v<*d that the liv(*r plays an im|)e)rtant part in fat me*tabolism, 
be'cause, when the* liv(*r is injure*d, its in phosiiheirus peiisoning, the 
amount eif fat in the* hv(*r ine'r(*ase*s. At erne time* it was thenight that 
fats we*re desaturated in the liv(*r as a jm*liminary tei o.xidation. It is 
iiow^ felt that ele'saturation of fatty ae*i<l take*s plae*e in e>the*r tissue's as 
well as in the liv(*r. 

In e*onne*ctie)n with the* (l('saturatie)n e)f fatty acids in the beiely Hurr and 
Hurr nuide an inteivsting eliseovi»ry. Hx'y found that rats f(‘e! on a fat- 
fr(*e diet deve^loi)c*el a pe*culiar dise*ase* rharae*te*rize*el by a scaly skin and a 
de*foniK‘d tail. Hy adding linoI<*ic or linole*ni(; acids to the* eliet, the 
<lis(*as(* could be j)revente*d or cure‘el. It thus jippears that ee*rtain 
unsaturat(*el acids are* e*ssential in the* elie‘t and that ele'saturatiem, at le*ast 
te) feinn certain unsaturate*d acids, elo(*s ned preK*e*e*el as e*iisily in tlie Ixiely 
as was at erne time suppe).s(*d. 

Storage of Fat. In the feimi of un.saturate*d phospholipids the* fats 
are next pres<*nted to the tissues, whe*re* they may unde*rgo eixidation for 
energy e)r may bt* reconvert(*el to simple* fat mol(*cule*s and ste)re*<l as such. 
It is lielicved that, Wfdien these steired fats are e*alle*d upem fe)r bexly use, 
they are reconvertexl into phospholipid Ixjfon* lx?ing i>re.Hent(id to the 
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tissues for oxidation. It is an interesting fact that the more active tis¬ 
sues of the body, such as those of the h(‘art, contain the most unsaturated 
lipids. 

Stored fat is widely distributcnl in the body. Tliat stored under the 
skin is known as adipose* tissue*. Fat may also lx* stored in any of the 
ox^ans. In the Ixxly cavity much fat may lx* stor«*d in thf* region of the 
kidney; it is known as kidney fat. As a rule the composition of stored 
fat is rather uniform for a given spc*cies of animal. IIowev(*r, the com¬ 
position may lx* varie<l by controlling th<* di<‘t. 

If an animal is converting carhohydrati* into fat, the fat s.ynthesized 
will lx* of a type* chanwteristic of tin* animal. On the other hand, if the 
storixl fat is coming from fat in the f(xxl, it will t(‘nd to resc'rnble the fat 
of the fcKxl. 'rhe* fat of animals f(*d on fec‘d rich in unsaturat(*d oils will 
have a lower melting jxiint than it would if the animal w(‘r(* Ix'ing fat¬ 
tened on carlx)hydrat<‘ or a saturated fat. 

Isotopes and Fat-Metabolism Studies. Om* of th(* difficulties asso¬ 
ciated with the study of what hapjx*ns to focxl molecul(*s during metal>- 
olism is that after absorption they lx*conie mix(‘d with similar molecules 
ttlreaxly pr(*s(*nt in tlu* tissu(*s and can no long(*r lx* id(‘ntifi(*d as f(X)d moli*- 
cules. If f<x)d mol(‘cul(*s can lx* lalx*l(*d so that th<*y are idc‘ntifiable at 
any stage of their m(*talx)lism, tlu* jiroblem is much simplified. Early 
attempts at lalx*ling hxxl molecules involved the substitution of a chlor¬ 
ine atom for a hydrogen atom. Ilow(‘ver, tliis metluxl i)H)ved unsatis¬ 
factory lx*caus(* with the intrixluction of a chlorim* atom tlu* inol(*cule 
was altered to such an <*xtent that it no longer act(‘d lik(‘ a normal food 
molecule*. 

It is now possible to lalx*l f<x>d molecuh*^ by suli^^tituting isotopes of 
hydrogc*n, carlxm, nitrog(*n, oxygen, and sulfur for the* normal (‘lements 
originally present. Tlu* Ixxly is unable* t<» distinguish b(*tw(*en normal 
f(KxI mol<*cules and those containing isotofx's. Since we have* a metluxl 
for determining i.sote»j)ie ele*me*nts in a eompenmel, we* are able te) follow a 
labcded foexl inol(*cul(* through the variems stages of its metabolism. 

Ordinary hydrogen has an atennie* weight eif 1, whereas ise)topie- hydro¬ 
gen, (*alled eleuterium or lu*avy hyeli-ogen, has an ateunie weight of 2. 
Isotopic* carlxm has an atemiic W(*ight ed* 13, and iseitojuc nitrogen of 15. 
These* an* usually rcfcrreel to as 11^, (N*®. Feir oxygen and for sulfur 
there an* two isotojx's, O^^ and aiul and The prexluction of 
isotojx^s for biochc'mical study is a n*sult mainly eif the* weirk of Troy, who 
discovered heavy hydmgcii and d(*velo}x*d nu'thexls for tlu* preparation 
of it and other isotopes. 

The most important early work on the use of isotoix*s in nutrition 
studies is that of Schoenheimer and Hittenlx»rg, who fed rats fats and 
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fatty acids containing heavy hydrogen tied to the carbon chain. In 
their first experiment they fed linseed oil which had been hydrogenated 
with heavy hydwgen. In 4 days the isotope content of the body fat 
showed that 44 per cent of the is<»to|)c fed htul been deiK)5ited. This fact 
indicates that depot fats are not inert materials but are continually 
undergoing change. 

In another experiment they fed, as the ethyl ester, palmitic acid in 
which 22 per cent of the hydrogim was of the heavy variety and, along 
with it, 6 iH>r cent of butter. The rats wen' thus on a diet containing an 
ample supply of fatty acids, witli one of them labc'led with heavy 
hydrogen. 

At the end of 8 days the l)ody fats contained 44 per cent of the isotope 
fell and, what is more iiiten'sting, tlu' heavy hydrogen was now present 
in mof-t of the fatty acids isolated from the mixture. This fact indicates 
that one fatty acid is comstantly changing into other fatty acids during 
im'taholism. The liitoh'ic acid isolated was not isotopic, thus confirming 
th(* work of Hurr and Ihirr, who show*('d that linolcic lU'id is ('sseutial in 
the (U(‘t. 

Another experiment was p(*rformo<l to demonstrate that fats may 
(U'iginate from carbohydrate's in the Ixxly. This reaction involved a 
reduction of th(‘ sugar, in which the hydrogen for the n'duction was 
derived from the water of the Iwidy tissues. Thus, if the water of the 
tissue.s contaiiK'd h(‘avy hydrogen, the resulting fats should contain it 
also. Mici* iiiject(*(l with heavy water and giv(*n h(*avy water to drink 
soon showc'd hca\y hydrog('n in tin* fatty acids of their Ixxly fats. In 
this experiment no linolcic or linohmic .‘U'ids ermtaining heavy hydrogen 
w(‘rc imKluced, imlicating that tlu'se jwids are not synthesizi'd by the 
body. In general, it was foun<l thatalnmt twice the quantity of satu¬ 
rated fatty acids was prodiicc'd as of unsaturated. Ok'ic acid, contain¬ 
ing heavy hydrogen, w hen oxidizisl at the' dou})le bond to fonii fX'largonie 
and azc'laic acids, showc'd heavy hydrog<»n in lx)th these products. Its 
presence indi(‘ates that the heavy hydrogen is distributee! along the 
entire? carlxm chain in oleic ae*i(l aiiel suggc'sts tliat e)le*ic acid is synthe- 
sizc'd fre)m small fragments of the sugar mole'cule'. 

Experiments indicate* that the re'actions w^hich have just been dis¬ 
cussed take' place mainly in the inte'rnal organs, such as the liver, rather 
than in the fat depots. In one ex[K'rimont w’ith a low-fat diet it was 
vshown that half the fatty acieis in the liver \V(‘re synthesizi'd in 1 day. 
WTiere depot fat was concerneel, 1 weni'k w^as reejuired for the same result. 
These findings indicate that the main site of fatty acid synthesis and in¬ 
terconversion is the internal organs and that from here they are trans¬ 
ported to the tissues and storage depots. 
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Beta«Oxidation of Fats. Whf*n tlio fats from the food or from the 
storage fat an; to lx» tlM*y are first converted into unsaturated 

phospholipids. In this fc»rni th<»y art* more* easily oxidized by the tissues 
than in their original foriii. 'Fhe n<‘xt step involves the hydrolysis of the 
phospholipid into glyeen»l and fatty lU'ids. Th(» glye(‘rol follows the 
rout<‘ of earlKihydrate TnetalK)lisrn after first being oxidized to glyceric 
aldehyde. 'Fhe fatty acid^ follow a <lifT(‘rent rout(*. According to 
Kn(Mip, long'Chain fatty ar*ids an* oxidiz(*cl at the /:t-(*arl)on atom, forming 
a ketone acid, tlien a fatty ncid with two l<*ss carbon atoms, thus: 
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nnudion got‘s on with difticulty. 'Fhe ability of the lH)dy tissues to oxi¬ 
dize acetoacetic acid is limited, and the oxidation of fats cannot Ik* de- 
IHMkUkI u|Kin for the individuaFs total <Mi(*rg>' reciuirement. If no glu- 
c'ose is available for oxidation, as in starvation and in dialn'tes, when* the 
IkkIv has lost the power of oxidizing sugar, the complete oxidation of 
ac'ctoact'tic acid do(*s not take place, but some of the accotacetic acid 
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loses C'Oa, foiming acetone, or is iiKhictnl to form /5-hydn>xybutyric acid. 
Under these conditions acetoacetic acid, p-hydroxybutyric acid, and 
acetone, commonly calWl acetone bodies, accunnilatc in the blood and 
finally are eliminated in the uriiu*. The finst two of these com{X)und8 
are strong acids >\hich neutralize* the alkali of the* blcKKl and tissues, pro¬ 
ducing a condition known lis acidosis. Acidosis occurs frecjuently in 
<lia!)C'tes and during starvation. It is a scTious c(>n<lition. If tlie alkali 
rc'serve of tlie }>lood is rc'ducc'd suflicitmtly, the pai ient goc's into the coma 
(if acidosis and may die. What has jii.st biH*n said n.ay be summarized as 
shown on jiage 220. 

Multiple Alternate Oxidation. 1his is a n odifi(*atioii of tlu* )M*ta- 
oxidation theory of fatty acid oxidation. According to this tluH)ry, 
starting with the d-carl>on atom of a fatty acid, altomate carbon atoms 
are oxidiz(‘d to k(*ton(‘s lu'fon* the* moh'cuh* brc‘aks down, thus: 
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Capnlic ami OxidnOon finniiict Acf*l(i»ri*lip and 

According to the* beta-oxidation thcor>, (*ach molcrulc* c I tatty acid, 
regardless of its size*, should be able to give* rise to one* moleeule of aeeto- 
acetic acid. Kx|)crim(‘nts have shown, liowc'vcr, that fatty acids con¬ 
taining eight or more earlMUi atoms give more aeetoucetie acid than 
tho.s(» w'ith fc'wcT carbon atoms. If fatty acids wen* oxidized according 
to the multii)le alternate oxidation theory, this fact would b(‘ accounted 
for. It is j)ossibl(* that fatty a(*idsare first oxidizi'd by the nmioval of 
hydrogen, producing highly un.saturate<l fatty acids. 1'h(‘S(‘ unsaturated 
acids then take on oxygen, forming ])oIyketon(* acids which finally 
break up, forming aeetoac(‘tic acid, which in turn oxidizes as in the In'ta- 
oxidation theor 3 ^ 

Omega Oxidation. Kirc»nt w'ork has showm that, when ccTtain artifi¬ 
cial glycerides are fed, dicarboxylir acids are excreted in the urine. 
These* ac*ids contain tlu* same numlK*r of carbon atoms jis the fatty acid 



LIPID METABOLISM 


ccmtiuned in the glyceride fed. This fact can be explained on the as- 
sun^ption tliat the end methyl group of the fatty acid has been oxidized 
to carboxyl, thus: 

(’Ha (;(X)il 

I ! 

(CH2)s —*> ((’H!j)8 

1 I 

(M)()H COOH 

Capric Sul>cnr 

arul anil 

The carlnm atom of the end methyl group is called the omega (w)-carlK)n 
atom; hence this tyjM' of oxidation is calked omega-oxidation. Dicar- 
boxylir acids may he further oxidiz<Ml in the body l)y beta oxidation at 
Ixith ends of the mok‘Cuk*. The long(‘r thi^ carbon chain is, the mon* 
easily Ixda oxidation proceeds. Wh(*n acids with more than (‘lev(*n car- 
Ixm atoms are fed, th(‘y <lo not ap|K‘ar in the ur»iu‘ as dicarboxylic acids. 
Either omega oxidatem <1 o(‘h not occur with thes(‘ acids, or the dicarlxix- 
ylic ac'id formed has Ihs'ii furth(‘r oxidiz(*d. 

Just how im|K)rtant omega oxidation is in thi' oxidation of fatty aedds is 
not known. It is possibly not of gn‘af importance', at least not so much 
as the other two types of oxidation mentioned. ]Iow(*ver, it is likely that 
lx»ta oxidation, multipk' alternate oxidation, ami om(*ga oxidation all 
play a part in the dc'gradation of fatty acids during nu'taholism. 

Ketogenesis and Antiketogenesis. Acidosis is somet imes (‘ailed keto¬ 
sis bt'cauw* of the kc'toue uatur<‘ of two of tlu' ac(‘ton(' bodies. P'ats arc' 
said to Ix' ketogenic focxls. Carbohydrate's, which jircvent thc' forma¬ 
tion of accdonc' bodic\s, arc» said to lx* antiketogenic foods. The glycerol 
part of a fat which is oxidizc'd in the body like* a carbohydrate' is an anti¬ 
ketogenic sulistancc. I'he' amino aedeU drrived fnini jirote'ins are' of tw’o 
type's as far as the imuine'r in which thc'v aiv oxielize'd in the* Ixidy is con- 
c'ernexl. Some, like alanine, follc»w' the route' of e*arl>ohyelrate' metabolism 
and are said to be' antikc'togenic. Otheu-s, like phi'iiylalanine, form ae'oto- 
aoetic ae'iel as an internu'diate prexluct of mc'talKdism and thus oxidize 
like fats and are' ketoge'iiic in nature*. 

If tex> much fat is includc'd in the dk't, thi'n* is danger of ketosis (‘ven 
in a normal individual. In order that ketosis Ix' pre've'ntc'e.i, it is ('sse*ntial 
that there Ix' sufficient anti ketoge'iiic sulistance in the diet to balance 
the ketoge'iiic. The ratiei of kc'toge'iiie* to antike'togenic substance in 
the diet is knowii as the* ketogenic : antiketogenic ratio. Studies e^f this 
ratio in man indicate that the amount of fat may e'c^ual twice the weight 
of carbohydrate plus one-half the weight of protein in the diet without 
ketosis developing. Thus a person e'ating 100 grams of carbohydrate 
and «50 grams of pnitein should be able to eat 225 grams of fat without 
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developing ketosis. An understanding of the ketogenic : antiketogenic 
balance is important in dietetics, especially in the medical field. Under 
certain conditions it may he desirable^ for a patient to have a ketogenic 
diet. This has benm found to be true in epilepsy. 

Fat as a Source of Energy for Work. Little is known about how the 
energy lilierated in fat oxidation is utilizcKl by the muscles for doing 
work. However, il is known that during muscular work fats are oxi- 
dizc'd. Evidenei* in support of this view has lx*en obtained from respira¬ 
tory-quotient stud'(‘s an<l from the fact that work causes a ris(‘ in the con- 
c(‘ntration of lipids in the blo(Hl. It is perhaps n^asonable to assume 
that the en(‘rg\ <i(Mived from the oxidation of any foodstuff may be 
utilizeil directly or indin'ctly for muscular contraction. 

Origin of Fats from Carbohydrates and Proteins. Not all the fat in 
the IkmIv com(‘s from tlu' lat of the food. Carbohydrate is a vei 7 im- 
poi-tant source' of ImkIv fat, rus was explainc'd in ('hapter XII. The origin 
of fat from jirott'in is very difficult to demonstrate b*'cause proteins 
.'stimulate metabolism to such an extent that food material*^ would be oxi¬ 
dized rath(‘r than Im' stored as fat. However, since it has lieen shown 
that in diabetes proteins may change to sugar, which is eliminated in the 
uriiK', it is highly probabh' that under normal conditions also proteins 
may change to sugar during metabolism. Since* sugar may (diange to 
tat, it is v(*ry likely that indirectly fat may come from protc'in. 

Obesity. Olx'sity is a condition in which too much fat is deposited 
in tlu* body, resulting in overwc'ight. Sometinu's olx^sily is undoubtedly 
due to an abnormal condition of certain endocrine* organs, but usually it is 
.''imply a result of eating more* foexi than the body require'S. It is com- 
me>ii kne)wle*dge that a thin {X'rsein may ('at mueh more than a fat person 
but lx* unable* to put on wi*ight, wlie'ivas a fat pe*rson may appi*ar to eat 
very little and still not g(»t thin. As a rule* thin people an* more* active 
than fat peo})le, a fact which may a(*count for the api)are'nt discrepancy. 
According to the* law of cori.se*rvation of ene*rgy, it is appar(*nt that a thin 
IK'rson e*ating more than he* ne*(*ds should put on weight, and an obese 
IK'rspn (*ating le.ss than is re'(iuire»d for nietalx)Iic purposes should get 
thin. 

One factor which is often ove»rlooke*<l by a jx'rson who is attempting 
to get thin by elie’ting is that Ixidy tissues an* compos'd largely of water 
and that, unl<*ss a dietar>^ re'gime is continued for a long period of time, 
th(*re may lx* .simply a replacement of fat b}" watc*r with an actual 
increase* in weight ov(*r a .short pc*riod of time. The author knows of one 
pc*rson who attempted to lose weight by eliminating breakfast and lunch 
and eating only a moderate amount at dinner each day. In order to 
satisfy his hunger, he drank quantities of water during the day. At the 
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end of a month he had lost 1 lb. and gav(' up the attempt in disgust. 
Undoubtedly water hftd replaeinl fat in this pc'i-son’s tissues. 

The relation of water to IxmJv w(Mght should not l)e overlooked by 
|K‘rscms who are att(‘ini)ting to gain weight. Physicians often recom¬ 
mend an increase in the consumption of water as a r(‘niedy for emacia¬ 
tion. As a rule* it will be found that thin jwople habitually drink less 
watc'r than <»b<‘s<'. 

P<Thaps the most im|)ortant factor in th(‘ control of body weight is 
apjK'tite, which is nature’s way of controlling the intak(‘ of energy into 
the body in th(‘ form of food. It is remarkable how, without apparent 
ethjrt, the average jx'i-son eonsum(‘s just th(‘ right amount of food for his 
n(K*<is an<l maintains a fairly constant wf'ight ov(‘r long pericKls of time. 
Perhaps the r(*nl caus(‘ of obesity or (‘inaeiation is that in the olx^se person 
app(‘tit(‘ is slightly greater tlian it shouhl 1 k‘, wh(‘reas in the thin one it is 
less. I’lu' av<*rag<‘ p(‘rson, in the long run, will (*at what liis app<»tite 
dictates. In a noimal adult tliis (piantity should only enough to 
maintain normal weight. If appt'tite could be controlled in a simple 
inauma', it should not IxMliflicult to control Ixxly W(‘ight. 

Choline and Fat Metabolism. In the more active* tissu<*s of the body 
lecithin and oth(*r phospholipiel.s, rath(*r than n(‘Utral fat, an* found. In 
fact, l<*cithin app(*ars to be a eonstitU(*nt of (*very living cell. Jx*cithin 
differs from a fat in that [ihosphoric aciel :ind choline* replace eine of the* 
fatty aciels, anel erne* of tlie* fatty ae*iels is unsaturate*el. The* pheisphoric 
acid-cheiline* e-eimjile'X and the* unsaturat(*d fatty ae*iel make the le*cithin 
mole'cule* meire* elilTusible* and e^xidizable* than a ne*utral lat me)le*cule. If 
then* is insullie*ie*nt e*holin<* m the* elie't. an animal leel a elie*t rie*h in fat 
d(*])osits large e|uantitie*s of tat in the* liveT. This d(*v(*le)pment eif fatty 
liv(*rs may lx* preve*nte*el by the inclu-siem of le*cithin eir cheiline in the 
diet. 

The* relatiein eif e*holine* to the formatiem of fatty live'rs has been 
explaint»d in the* folleiwing manner. If the* supply of choline is low, the 
formation of lecithin in the* live*r is inte*rfe*n*d with. Since* li])ids are 
transpeirte'd in the* bexly mainly as le*cithin. any interfere'iice* with the feir- 
matiem of le*e*ithin will inte*rfe*re» with lipiei transfer. Thus lipids reach¬ 
ing the live'r which canned lx* changc'd to le'(‘ithin will lx* de*ix)sit(*d 
unchange*d in the live*r. 

Choline and Transmethylation. He*side*s Ix'ing important in fat 
metalHilism, choline plays a significant role in other biological reactions 
involving the transfe'r ed methyl gre)U|xs from it tei other coinpeninels. 
This transfer e>f methyl gre)ii|xs is (*alle*el transmethylation. It will lx* 
recalkxl that choline* is hydroxye*thyltrimethylammonium hydroxide. 
Du V’igni'auei has shown that rats fe»d a diet containing no methionine do 
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not grow; but, when homooj’stini* and oholinc are supplied, growth is 
normal. This faet indicate that hoinooystino is converted into methio¬ 
nine by a pr<K*ess of transmethylation, the nu'thyl group coining from 
choline. 


f 'Hz—iS—fi - ('Ha 


('HaS-CIl:, 


('Hz 

I 

('HNHz 

I 

('OOH 


CHz 

I 

('HNlla 

I 


.>tii, 

-► 

troiii choliiio 


CH.. 

2 I 

('HNHz 


t'OOH ('OOH 


Homoev Billie 


Methiuintie 


REVIEW QUESTIONS 

1. In what form aro lipids oxkIi/im} in tlio hodv'*^ 

2 . Wh.it fvidonce is there that ceit.iin l«itt\ ar(‘ essential in the (li(*t? 

3. In what form an' fats ^toied in tlu* hoth*' 

4. What are isotofies, and how .ire thtw ummI in nn'l ihohsm Miidu's'^ 

6. Outline hrieflv ScIkh'IiIk iiikt and Uittt nl)t*rir’s work on tie nsi* of isotopi's in 
f it-inet.ilKihsm studies 

6. Name and desdihe thiee wa\s m whnii fatt\ .leids m.i\ oxidizt' in the body 

7. NaiiK' tli(‘ ,ieet(»ne ImmIh"', ,ind indieati how <aeh ma\ come fiom hntvne and 

8. What e\idt‘net‘ indn.itis th.d multiple altein.ite oMti.ition and oineja* n\ida- 
lion oet ur in th<' hoth 

9. Wh It IS meant hv kelout'iiie and antikt'topt me foods'^ 

10. How much fat nnv Im* included in the dw 1 in lehition to (‘arhohydnite and 
[irotian without ki'tosis develojun^* 

11. \re f.its Used .us a source of enei^i foi work*' 

12. (\ui ImmIv f its orijiiinatt' from c.uhohxdr iti's and }>ioteins m the ftiod? 

13 Discuss oIm'siIv 

14. Discuss the relation of choline to the form.ition of f itt\ hv(*rs 

15. What IS meant l»v tran.snM thAlation’^ (iivi in exainph' in which choline 
act^ a.s a ini thylatinK agent 
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CHAPTER XIV 


PROTEIN METABOLISM 

During digestion, protcMiis are broken down into their constituent 
aniino aci<ls, which an* absorlx^d directly into the blood stream. The 
amino aeids arc* carricnl by th(* blcKKl to the liver and finally to all the 
tissues of the Ixxly. 1'h(* |)rot(‘ins differ from the carbohydrates and fats 
in that their priiiu* function is tiu* building of IxKly tissue. The amino 
acids have ls*en calk'd tlw* building stones out of which lK)dy tissue is 
oonstruetHl. After tlu* amino aei<is are al)sorbed, they are pn^ented to 
the tisHiK's, and those* which art* n(*(*ded for building new tissue or replac¬ 
ing worn-out tissia Ix coine a part of the living tissue. Simultaneously 
with this syntlu'sis tlu're is a constant breakdown of ImkIv proteins, and 
the resulting amino acids become intimately mi.\ed with those derived 
from the food. So it is impossible to say that any given amino acid is 
UH(*d for tissiK* building or that it is not. It is possible that every amino 
acid in the food m its passage througli the Inxly may at some time be a 
part of th(* living tissia*. 

Besidi*s these* re'actions invoUe'd in the synthesis and degradation of 
tissue the amino aciels und(*rgo many oth«*r n*actions in the* course of 
the»ir me*talM)li.sm. 'Flu* amiim groups eif e»ne* amino acid may replace the 
amine) group of another, or ne*\v amint) ju’iels may U* fe)rme*d by the trans¬ 
fer of amino gnaips to comiH)unds elerive*d from carbe)hyelrate or fat 
me*talK)lism. Ilve'iitually ammo ju’ids are* oxidize*el in the body to form 
Cih} H 2 O, and XIl^. In man most of the NH^ is e*onvertc*d in the liver 
to im*a, in w'hie*h fonu it is eliminated m the* urine*. It is thus evident 
that th<* me*taboli.sn) of prot<*ins a <*()mplicat(*d affair. 

Nitrogenous Equilibrium. Tnlike e*arlK)hyelrates and fats, preiteins 
an* not ste)re‘d in the* ImhIv to any appre»e*iable* e'xtent. Within a very 
f(*w horn's afte*r a i)re)tein meal all the nitrogen is eliminateei, mainly in 
the urine*. \n ^wlult wh<» re*<*e'ive*.s an ade*quate ame)unt e)f pre)tein in the 
die't and who is ne*ither losing nor gaining in weight w'ill e*xcrete in the 
urine*, five's, anel jx'i'spiration an amount of nitrogen e*qual to that in the 
feKsl. Suc*h a |H*i*son is saiei to Ik* in a state* of nitrogenous equilibrium. 
If the* amount of uitroge'n in the e'xcrc*ta is gre*ater than that in the food, 
the iH*rson is said to have a negative nitrogen balance. Sue*h a condi¬ 
tion pmvails eiuring starvation, during weisting diseases, and if the pro¬ 
tein eaten does not contain the correct mixture of amino acids. In 
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^wing children less nitrogen is eliminated in the excreta than is pixasent 
in the food, showing that there is a retention of nitrogen by the body. 
Such an individual is said to have a positive nitrogen balance. 

Even if a person receives no nitrogen in the nitrogen is excreted. 
This nitrogen comes from the bieakclowm of tissue. If a person goes 
without food, the nitrogen exeretcnl rapidly approaches a minimum and 
stays there as long as the fat and gl^'cogen restTves hold out. Finally 
body proteins are calknl u|K)n for .supplying en(‘rg>% and the nitrogen 
<*xcroted increases rapidly. When the tissues have supplied all the pro- 
(t»in they can spare for energ>' pixKluetion, the nitrogen <*xereted de¬ 
creases until finally d(‘ath occurs. 

An important question from the standpoint of nutrition is to know thi' 
minimum amount of j)rotein rcHiuiied to maintain uitrogimous iHjuilib- 
riuni. One inv(\stigator has ix*|K)rtc‘d a j^enson in whom nitrogenous 
(Kiuilibrium has lK*en inaintaimHl on as little as 15 gmins of protein p('r 
(lay. To accomplish this, the protein iniU^n must huM* contained an 
(excellent assortment of amino acuLs. C)rdinarily wi» (»af much more pro¬ 
tein. As a rule a 24-hour sample of urine contains al>out 16 grams of 
nitrog('n, wliich corresponds to about 114 grains of jirutein. The Com¬ 
mittee on Foods and Nutrition of the National H(‘S('arch Council n^om- 
incnds a daily allow ance of 70 grams of protein in tlie diet of a normal 
lulult. 

Metabolism of Tissue Proteins. The tissues of tiu* Isnly are eom- 
lK).s(‘d mainly of protein, 'lliis ti.s.sue protesn originates largely from the 
amino acids rcNsulting from the digestion of food proteins, nu* amount 
of jirotein in the body is fairly constant. There is no stenage of protein 
in the Ixidy as there is of (‘arboliydrates and fats. If more j)rotein is 
eaten in a day than tlie body ix^quires, the nitrog(*n of tlu* protein is soon 
found in the urine in th<‘ form of urea or oth(*r (»nd prodiK^ts of prot(4n 
metabolism. There is, howx'ver, a constant ne(*d for prof (‘ins in the* diet 
to meet the requinmients for building new lissia* and lor maintaining 
that ti.S8Ue wdiich is already pr(*s(‘iit. 

Our knowltnlgi; of the ch(*mi.stry involvc'd in t he syntlH‘.sis and d(‘grada- 
tion of Ixxly-t issue prot(»iiis has IxH^n advancxsl considerably in recent 
years through the work of Schoenheimer and othei-s with isotojKjs. By 
introducing hcav}^ hydnigen into the carbon chain and heavy nitrogem 
(N^*) into the amino group of amino acids, it has laxm possible to follow 
such amino acids tlmmgh their various phase's of metalHilisrn. The 
heavy hydrogen a<jts as a marker for the carlxin (‘hains, and the heavy 
nitrogen for the amino group of the amino acid. 

When isotopic leucine was added to the normal diet of rats in nitrog¬ 
enous equilibrium, at the end of 3 day.s it was found tliat 56.5 per cent 
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of the isotopic* nitro^c'n was di*i)ositc*<l in the* li8suc*8. On further analy- 
f$i8 it was shown that tiw heavy nitrogen appc*ared not only in the leucine 
of the tissue's hut also in most of the* other amino a<*i(ls isolatt*d. Lysine 
was an c'xeeption, thc'n* Ix'ing no iu'avy nitrogen in llu* lysine isolated. 
Among the* other amino acids studied, glutamic acid .sIiowckI the* largest 
amount of hc*avy nitrogen exe(»|)ting leiK'inc'. I'he U*u(*ine isolated con- 
taincsl a high [wreentage ot hr*avy hydrogc'ii, an indication that the leu¬ 
cine i<*d was utilizes!, at h'jist in part, uiH‘hang(*(i. 

'Hiis exis*rimen1 iialieate.s that amino acids in tlie tissues arc* Ix'ing 
rapidly exchanged for amino a<*i<L in tin* food, «*ven though the animal 
is in a statt* of nitrogenous e(|uilihrium. It also shows that the* amino 
group <*f om* ammo aei«i constantly Issiig (‘xehaiiged for amino groups 
of others. 'I'he high <‘ 0 !iccnlration of heavy nitrogen in glutamic iu*i(i 
indicates that this amino aei<l has some sinrial function in protein 
metals )i ism. 

Transamination, 'i'hc mechanism hv \\hi(‘lii tlu^ amino group of one 
amino acid is translerr(‘<l t<i amuher has heen mv('stigaled hy means of 
isoto|x\s. A simple* e\|ilanation is that an amino acid may und(‘rgo dehy- 
drogemation and hydrolysis* to form a k(*toiu‘ acid and ammonia. The 
ammonia fonu(*4l may n*act with the same* e>r some' e>thea* keUeuie* ae*iel te) 
feirni the* original eir seuiie new amine) jmm(1 
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If this re*ju*lie)n \\<*re* taking place* in ImhIv tissue*, it slumld Ik* pe)ssihle 
to intreKlue'e* he*avy nitrogen intei ;tmine) aeieis by feenling an animal 
ainme)nia ceintaining he‘avy nitre)ge*n. Such an e‘xp(*nment weis per- 
fe)nue»el by iwleling te) (he* elie*( i.sote)pic :inuneinium citrate*. After 9 days 
the he*av\ nitre)ge*n was fe)unei \\iele*ly elistrihuteel among the* amine) 
aciels e)f the* benly pi-ote'in. Here again glutamic aeiel ee)ntaine*d more 
h(*avy nitre)uen than any e)the»r amine) {wid. 

Althe)ugh the fe)re*ge)ing se*he*me aeee)unts very nicely fe)r the transfer of 
amine) gre)U|>s fre)m e)ne» amine) iwiel to another, it de)es not exclude other 
IHKSsibilities. .\mine) aeieis will n*cM*t with ke'te)ne iieids to form substitu¬ 
ted imino tveids, whie*h on hyelrolysis may fe)nn a new amino acid. In 
this reac'tion no ammonia is involvcnl. The* transfer e)f an amino group 
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from an ammo acid to a ketone ac‘ul m thi& iiiunner is calked transamioa-* 
tion. 
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As evidence th‘it tiansHinination lealh o(*cuis in tissues, it may U* 
statiKl that a transanniiatiiu!. (*nz>in(' has Ihm'ii prepared iroin nuucle 
tissue. This enzMiic \\oiks onl\ wiien i»lutami<‘ or aspaitic a( id or the 
ketone derivatn «‘s ol these acids an* pr(‘s(*nt. 'Fhus a leasoii is sujy^estiMl 
foi the results i(‘port(d al)o\c‘, in which fijlutaniic arad appiaiis ^ ) Ik* so 
acti\(‘ in the exchanjxe ol an mo gioups It ha*' Ixsai siijr^(i^ted that in 
tli(* e\chanf*e ol ammo j^roups in in<‘taboIisni the ammom i diaivc'd from 
tli(* d(*amination of ammo acids is fiist con\(tt(Hl imo glutamic acid, 
which in tiiin transf(*i*s its ammo Kioup to ketone acids by the piocess 
ol tiaiisammatioii 

It should be noted at tins point that tlie ketom* a(M<l <l(*ii\<‘d liom 
tamic acid is a-k(‘toi;lutari( acid Jt will be i(*called that ty-k(‘toj?lutaiic 
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acid is one of the intermediate's in carbohydrate metabolism. This fact 
miggestH a route by which carbohydrates may be converted in the body 
to amino aci<Ls and pmU^in. a-Ketoglutarlc acid reacts with ammonia to 
form glutamic a(*id, and then by transamination other amino acids may 
be foriiMHl. 

That the* (‘urbon chain in oim‘ amino aciil may In* converted into 
another amino acid has Ixtii fhmionstrated by feeding rats ornithine 
witli heavy hydrogen tu‘d to th<' carl)on chain. A few days later proline, 
glutamic a<*id, and arginira^, which contaim^d heavy hydrogen in the ring 
or carlHjn chain, i.solated trorn th<‘ rat tissu(‘s. The diagram on i)ag(‘ 
229 iiKlicat<*s the (*liemical relationship of ornithine to proline, glutamic 
a(ud, and arginine. 

Wlam plienyl alanim^ c<»ntaining heavy hydrogen in the ring was fed to 
rats, tyrosiiu' containing heavy hydroge^n in the nng w'as isolated from 
the b<»dy proteins, 'riuis tyrosine may be* d(Tiv(*d from phenyl alanine* 
in the* elie*!. 

Oxidation of Amino Acids. Se» far e)ur dise‘ussie>n oi i)rote‘in metab¬ 
olism has ele*alF mainly with the* re‘lation e)f amino aciels to tissue* building. 
A ve»ry important phase* ol pre)te*in me‘tal)e)lism (U‘als with the final oxida- 
tiem eif amino acids and the*ir esuixersiem into me*tabe)lic enel products 
which are* e*liminate*el Irom the* be»ely. In stuelying protein metal)olism 
we* find tliat the* enine ceintains most eit the* e*nel prexlucts which have 
nitre>ge*n. Among the*m the* me)st important are ure*a, ammemia, cre*ati- 
niiie*, anel urie* ae'iel. 

Formation of Urea. 'Fhe find thing that happe'iis to an amine) acid in 
its catal)e)lism is the* re*me)val eif its amine) greiup with tlie* formation e)f a 
keteine* iwiel anel ammemia. The* re'action poshibly take*s plae*e* in se»veral 
stage*s. The*re* is fii-st a re*me)val eif hyelrogen by a ele‘liydre)ge*nase (*n- 
syme*. 'Hiis step is fe)llowe*el by tiie aeleiitie)n e>f water anel the* re*me)val of 
ammonia, thus: 
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Deaminizatiein e>f amine) aciek is thought te) e)ccur in many of the 
IxKiy tissue*s, but prine’ipally in the liver and kidne*y. Accoreiing to 
Kn*l)s anel lle'ust'le'it, the ammonia formed in the* process is ce)nvertf*d 
into urea in the* live*r by a rathe'r e*e)mplie*ateHl proce\ss inve)lving the amine) 
aciel ornithine and the enzyme arginase. Ornithine is a diamine) acid 
deriveti from arginine by removing the amidine group. It reacts with 
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C'Q 2 and NH 3 to form citrulline. With another molecule of NH 3 , 
ritrulline forms arginine. In the presence of the enz>ine arginasei 
wliich is found in the liver, arginine is hydrolyziKi to form one ntolecule 
of urea and one of ornithine. Ornithine is thus usetl ovtT and over again. 
The reactions involvcnl may Ix' represcaitcnl tis follows: 
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Urea, jus i( i.s form<*d, is caiiHKl to the kidin^ys, where it is elimiuatc*d 
in the urine. In a nonmil fxM'son from SO to 00 jmt (*(‘nt of the nitrogen 
in the urine is in ihv form of urea. The (plant ity of uiva in th<» urine 
varies from day to day, di'ix'iidiiig upon th(» protein intake*. 

The ketone acids n*sulting from th(* d(‘aminization of amino acids are 
('V(*ntually oxidiztxl to ('(>2 and H 2 () lor en(Tg.y production. Tlie ketone 
acid formed when alanine is (i(*aminized is jnuuvic acid, which will Ix' 
recognizc'd as an intcTinediate pnxiuct in thi* ni(‘taholisni of gluooH(». 
Thus alanine on oxidation g(K\s the routi* of carlxdiydratc* rn(*talx)lism. 
Since mast reactiimsare rev(»rsihle, th(* pyruvic acid formed from alanine, 
instead of IxMiig oxidized din*ctly, may Ix’ converl(‘d into glucos(». Such 
a conversion of amino acids undouhtiHlIy tak(»s place in diabetes, where 
it has lx*(‘n demons!ratixl that proteins may give rise to sugar in th(» urine. 
Since w’e know that glucose may lx* convert(*d into fat in th(* animal 
lx)dy, it is undoubtedly true that proteins may give rise* to fat in the 
body. 

Formation of Ammonia. Alxiut 4 p(*r rent of the nitrogen in normal 
urine is in the form of ammonium salts. In view of the* fact that there is 
a very low concentration of ammonia in the bhxKl, it b(H 5 om (*8 interestuig 
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to eontc'iikplato the ori^ii of the lar^e quantities of arninonia in the urine. 
At one tiijic it was tiujUKht that the kklney eouid convert urea l>aek to 
ammonia. Now it is Ixdievf^d that urinaiy ainnKaiia is derived from the 
deaminizatidii of amino acids in the kidney. 

The souns! of urinary ammonia has iw^en investigated by means of iso> 
to|K\s. If an animal is hsl unja (‘ontaining isotopic nitrogen, the iso¬ 
topic nitrog(‘ri is found to Ix' still in the form of urea in the urine. Thus 
urea is not <*onvert(Ml into ammonia in th(‘ body. If an animal is hid 
aniinonium IRts containing isotopic nitrogen, the isotopic nitrogen 
apiMiai-s in the urine as urea. The ammonia is converted into urea in tlu* 
liver How(‘V7‘r, if an animal i.s fcsl amino acids containing isoto[)ic 
nitrogem, the ammonium salts in the* urine contain a large* percentage of 
isotopic nitrogen, 'fhus it ap|K‘ars that urinary ammonia coiiu's from 
the dc^amination of amino a(*ids. 

Creatine and Creatinine, 'fhesc* two nitrogenous compounds, found 
wid<'ly di.stribut<»d in tin* IxMly, appan*ntly are a product of })rot(*in 
nH^tabolism. ( 'reatiru* is found especially iii the muscles in eombiiiatioii 
with phospimric iiei<l as phosphoereatiiu* and appe^ars to be* intimately 
aasociated with the eheinieal ehang(‘s taking place during muscular con- 
tnu'tion. .lust wlnit part it plays in muscle m(‘taboli.sm is not known; 
but, wlien a muscle' e'ontraets, pheispheM*re*atine‘ bre*aks ele)Wii, forming 
civatinc and phosphorie* ae-id, and, whi'ii a muse*l(‘ rtcove'rs, it is re'synthe^- 
.sij5e*el. 

Creatine is not feuind to any a[)pre'ciable‘ cxte'iit in the urine'. There is 
some in the' urine e>f we»me*n auel e-liilelre'n, but in me*n lhe*re' is normally 
none. Creatinine', etn the' either lianel, is pie‘se*nt in ti.ssue's in emly small 
amounts but is always found in the* urine' in rathe*?* large amounts. The* 
anmuiit eif e*reatinine e'\ere*te'ei jie'r elay is cjuite* constant feir a given 
inelivielual anel is inele*pe‘nde‘nt of the* profe'in intake. It apparently is 
de'rive'el fieun the' e*r('atine e>i tin* tissue'.s anel may be* ceuisiele're'il a Wiiste 
prenlucd. Creditine' anel cre'atmine* are* e'le)se*ly ?’f‘Iate*el ehe'inically. (’re'a- 
tiiH' is nu'thylguanieline' ace ta* aeiel. anel eTe*atinine is the* anhydride of 
cit'atine*. 

CIIj-COOIl CIl,—C-0 

N-CII, N-Cllg 1 

C-NII-^C-NIl/ + H,0 

NIL, IIN^ 

Creatliic Ciratiiilne 

That cre'atine may Ik* ceinverled Xo creatinine in the body has Ixicn 
shown by feHsling an animal isotopic cmatine and recovering isotopic 
cn'atinine in the urine'. That the' pn)ec'.ss is irreversible' is shown b}^ the 
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fart that, when isotopic creatinine is fed, it may be recovered in the 
urine, hut no isott»pic croatini^ iipix'ars in the tissues. 

Origin of CiiEAXiNE. There has l>een much s{>eculation as to the 
origin o[ cn*atiiie. As a result of isotopic studies it is now |x>ssibte to 
state quite definitely from wluit i)re<*ui*soi*s creatine ami eivutinine origi¬ 
nate in the Ixsly. Orc'atim' (‘ontains thn'e nitrogen atoms, and it is 
obvious that they miL^^t eonu' fr(»m amino acids. When various amino 
acids containing Invivy iiitrog(‘n an* finl. it is found that only arginine 
and glycine contribute tlii‘ir nitrogen t<» creatine. 

When ereatiiu* is boiled with alkali, it is deeomiK»s(Hl as follows: 
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'rhe ammonia giv<‘ii off is derived Iroin tin* amidinc* gnaip; the* othix 
nitrog(*n remains in the sarevKsim* mok'eule. Wlien arginim* (M)ntaining 
is(»t<)pi<‘ nitrog(‘n is led, tlu* isotope app(‘ars in tlu* ainnaaiia fraction, 
'riius arginiiH* furnish(*s the* amidinc* group of ereatiiu*. Wlu*n glyeiiu' 
eontaining isoto[)ic nitrog(*n is fisl, the isotyp(‘ appears in the sareosiia* 
iraetion. 11ius tlu* nitrogen (»f the sareosiiK* part of the ereatim’ inole- 
eiile must come from gl^(•In(^ 

Tlie eoinljiiiation of the ainidine group of arginine with glyeim* gives 
glyeoeyaniine, which must Im* m(*thylat(‘d to form creatine. (Jlyeoeya- 
niine is eonvtTted into creatine by liver tissue, but the process is very 
slow; wh(‘ii methionine is present, howev(*r, the eonv(*rsi( n lak(*s place* 
rapidly. Thus methionine aj)|M’ars to Ik* the in(‘th^ laling agent responsi- 
hlt* for the reaction. As final proof, Du Vign(*au(l led rats n.ethionim* 
with h<*avy hydrogen in the methyl group and iseilated er(*aline with the 
isotope* in the methyl group. The* biological synthesis of ere'atine* from 
glycine*, arginine*, anel ine'tliieiuine may U* e*xpre*sse‘el diagram mat iealiy as 
follows: 
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Nticleoproteiii MetabolisoL It will be recalled from the discussion 
of the chemistry of nucleoproteins that they are conjugated proteins 
composed of protein and nucleic acid. It will also be recalled that 
nucleic acid is a tetranur*lc*otide, eac*h nucleotide being composed of phos¬ 
phoric acid, a sugar, and either a purim* (adenine or guanine) or a pyrim¬ 
idine (cytosine, uracul, or thyininej. 

When nucle<jprot(‘in is eaten, enzymes in the intestine hydrolyze it into 
protein and nucl(‘in. Nuclein is further hydrolyzed into protein and 
nueleie acid llie proteins resulting from the hydrolysis of nucloo- 
prot<*in and nuclein aie further hydrolyzt‘d by the proteolytic enzym(*s 
of the int(*shne to amino acids, as is any protein eaten. The nucleic 
acid is first hydrolyzcnl by an c'nzyme called nuclcicacidaso to form four 
nucleotides. nucleotid(‘s are hydrolyzed by an enzyme calk'd 

nucleotidase* to feirm nu(*le‘oside*s. In this redaction phosphoric acid is 
rcmoveMl from eae‘h nucleotiele. Finally an enzyme calk'd nuck»osidjise 
splits the' nucleosiek's into sugar and purine or pyrimidine. I'he follow- 
ingdiagnun inelicate's the ste'ps in the' dige'stion oi nucleopreitein. 
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Thus nue'leoprotein is hydrolyzed during digestion into the simple units 
of whicli it is composed. The amino acids are utilize'el, as is any amine) 
iM'iel derivenl from either protc'ins. The sugar follows the usual ceiurse of 
carbohydrate metabolism. The II 3 PO 4 may iyc utilizenl in the synthesis 
of the phospholipids and in the iKines and other phe)sphorus-containing 
ceinstituents of the beidy, any ('xcess U'ing eliminated largely in the urine 
as phe)8phat('s. 

Metabolism of Purines. Of especial interest in nucleic acid metabo¬ 
lism is what hap|>ens to the pyrimidines and the purines. Little is 
known about the metal>olism of the pyrimidines. Under normal con¬ 
ditions th€>y appear to 1x5 converted into urea. When fed in large 
quantities, they are largely excreted in the urine unchanged. 
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The two purines found in nucleic acid are adenine and guanine* 
Adenine is 6-aminopurine, and guanine is 2-amino-6K)xypurine. In 
metabolism, t he amino groups are removed from the purines by a process 
of hydrolysis, leaving oxypurines. Adenine hydrolyzes to hypozanflline 
(G-oxypurine), and guanine to xanthine (2,&<lioxypurine). Hypoxan- 
thiae is also oxidized to xanthine. Finally xanthine is oxidized to uric 
acid (2,(),8,-trioxypurine), which is climinateii in the urine. Thus urie 
acid is the end product (.f purin<» nietalx)lism in man. In o< her inanimals 
the oxidation goes a step further to form allantoin. 

The following outlim* shows the courst‘ of purine metabolism: 
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What ha« just lx»f»n «aid apjilies to the purines derived from food. 
PurincH are also Immur fonned continuously from the decomposition of 
nucleoproteins in th(‘ !iHsu(*s, In man thest^ purines are also converted 
into uric acid, which is (‘xcr<*te<l in th<» urim*. Thus the uric acid in the 
urine is derived from ls)lh exogenous and endopcruuis sourc<‘s. 

Syntiiksis of PiruiNFs AND PYitiMiiiixFs. Th(‘ (iiicstioii next arises of 
whctlmr an animal can syntlic.siz<‘ purine.s and pyrimidines for th(» build- 
inji; of the nueleoproleins ot the* tissues. l'h(M*(* is coiisiderabh* evidence 
to support th«‘ vi('vv that th<‘ animal ls)dy lias this ability. Individuals 
fed <»n a v<*ry low purine diet aain in weij^ht and (*xcr(‘to more uric acid 
in the urine than can U* accounted for by th(‘ purines in the food. Dur- 
in >5 th(‘ incubation of an the purine cont(‘nt increases, indicating a 
synthesis* of ])urin(‘s from nonpuriin* matiaial. The* main nitro;>;enous 
con.stituimt of (he (‘xcreta ol birds and reptil(‘s is uric acid. In other 
words, uric acid in binls and n‘ptilc\N tak(‘s the place of ur(*a in man. If 
birds and n'ptiles e.M,n ceinert most of th(‘ir nitropiuious waste to uric 
acid, they certainly have the power of synthesizing purines; and it is 
rcjisonabh‘ to suppose* that man can .synth(*siz(‘ at least the purines riecc's- 
sary hu’ the production of lii*" nu< leoprot(‘in r(*(iuin*ments. 

It is thought that histuliiK* may pve* rise to purin(*s in the body. 
When histidine* is teel to animals the amount of allaiitoin (*xcr(*t(*<l in the 
urine is increiused. IsotojM* stu<li<‘s inelicatc* that the uric iu*id in the 
excretion of birds conies from nucleic aciel, and that arginine and urea 
are not invoked in its syntlieds. 

Sulfur Metabolism. Sulfur is an important constituent of the liody. 
It is<h»riv<*d largely from prote*in, lH*ing pn‘sent in the amino acids cystine 
and methionine. Hose* has shown that methionint* is e.s.sential in the diet 
and that cystine is not. It is lM*liev(*d that in<*thionine may be con¬ 
verted into cystine in tlw* ImmIv, but that (hi* n*v(*r.se n*action do(*s not 
take place, 'rhus met hioniiK* may replace cyM im* in tlu* diet, but cystiiK* 
cannot replaci* m<*thioniiu'. 

Sulfur is found widely distributed in the body. In human hair there 
is about IT) per cent of cystim*. in glutathione* it occurs in the form of 
cysteine. In the bile it is pre.M*nt in taurine, a constituent of one of the* 
bile salts. As sulfurie* ae*iel it apjH*ars in e*e‘rtain glycei-proteins, sue*h as 
the mucin e>f the* saliva and the pre»te*ins of tlie* cartilage's. It is also 
founel in insulin anel in vitamin lb. whe*re it evidently i)lays a part in 
biological e>.\idatiems. 

Wlu'ii (he sulfur-containing amino ae*iels art* oxidizt'd in the beidy, the 
sulfur is largely t'emvt'rtcel intei sulfati's. The* sulfate ratlicul may unite 
with me'tallic elements to form inorganic sulfates, or it may lx* conju- 
gatt'd with orgiuiie* ratiicals to feirm ethereal sulfates. These sulfates an^ 
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(‘xcreti'd in the urino, and tho suJfur is known as oxidized sulfur. I'he 
amount of oxidized sulfur in the urine varies with the protein intake and 
in this resiMv^t is like urea. 

Not all the sulfur in thc' bcnly is oxidiz<'d Ix'fort* Ikmiij? excn^ttnl. A 
rath(‘r (‘onstant amount, known as neutral sulfur, is found in (lu* urine in 
the unoxodizcHl form. In this i‘(‘s}M‘et neutral stilfur is like eivatinine. 
'rhe neutral sulfur of th(‘ urine is eompostul of a \ ariety of sulfuiHumtain- 
inj? eompounds, a few of whieh mv eystine, meriiyl mereaptan. ethyl 
sulfide, thiocyanates, and taurim^ d(‘rivatives. In some individuals it 
may consist largely of cystine*, in which evimt the* condition is known tis 
cystinuria. I'nder certain conditions cystiiu* may form de|X)sils in the 
ki<hu*y, with s(‘rious coiiscHpiences. 

Ketogenic and Antiketogenic Amino Acids. Si^veral of the amino 
acids iiiv similar to alaiiiiK* in that they are capable i.f ’dving rise to glu- 
cos(‘ in the animal body. Th(\v are called the glycogenic or antiketo* 
genic amino acids, (liycine, iilaniiH^, s(‘rin(‘, cystims luspartie acid, glu¬ 
tamic acid, hydroxyglutamic acid, arginim*, and prolint' art' exain])les. 

Some amino acids appear to 1 h' oxidizt'd likt' fats raiher than like 
cart)hydrates. In diabtdie animals tht'y give rise tt» lU'tjtoaeetie iicid 
and art' said to bt* ketogenic. Lt'ucine, pln»nylalanine, tyrosint', and 
]iydroxyi)roline are kt'togt'iiic amino acitls. Lysint' anti valint* ap{)car to 
l>e neither kt'togenie nor antikt'ttigenie, so that tht*y give rise to neither 
aeetoact'tic acid nor glucost* tts :i result of tlit'ir mt*tabt)lism. 

Biological Value of Proteins. Krtmi what has bet*n saitl it is obvious 
that ont' i>f the main fuiiclitms of pndt'in in nutrition is It) supply amino 
acitls for tht* builtling of body tissut*. Wt* havt' It'arnt'tl that certain 
amino acids, such as lysint% cannot l)e syntht'sized by tlie body; Iheif^ 
fore obvitmsly this amino acitl must Is* supplit'ti in tht* diet. Likewise 
other amino acids cannot 1m* synthesizt*d, at Iciist not unl<*ss ct'rlain pre¬ 
cursors are prest'iit. ()n tht* other hanti, many of the ;iminr> acids can Ijc 

rejwlily syntht*sized in tht' body and th(*n*for(* art* not <*ssenlial in the 
diet, 'llius in nutrition work tin* inv(*stigator must Ik* surt* to supply 
tlie animal with prtiteins which contain all the ainint) acids which the 
.subjtH't is \mable to synthesize. Such a protein is sjiid to bi* biologically 
complete. 

Amino Acids in Medicine. In r(*c(‘nt yf*ars mut'h ust* luis lK*(*n made of 
prot(*ins and i)rot(*in hydroly.sates in surgery and in tin* treatnjcnt of 
starvation and burns. P(*oplt* who havt* starved for a long time lose* 
their ap|x'tites, and tht*ir digestive systf*ms art* so ups(*t that tht*y cannot 
eat and, even if they could, would U* unable to (lig(*st th(*ir fcxHl. It has 
lK*en found that feetling hydrolyz<*d protein in the form of a solution 
(*ith<*r by a stomach tulx* or by intravenous inji*ctions (larries such patients 
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over the crisis until they can take food in the normal manner. After 
World War II many lives were saved by this method among victims of 
prison camps. 

In civilian life it is often found that patients who appear in hospitals 
for major operations arc suffering from protein starvation due to loss of 
appetite. Often after an o|x^ration a patient loses considerable weight 
because* of the limited amount of food that he Is able to take*. It has 
been found that surgical patients do much better if they are fed hydro¬ 
lyzed protein l>c*forc‘ and aftt*r an ojx*ration. The period of (‘onvalescence 
is much shortened. 

It has l><‘(*n shown that the ability of the Ixxly to resist infection is 
relabel to the concc^nl ration of a proUm called 7 -globulin in the blood. 
The antil>odi(‘s of tin* blood f*ither are tlu* 7 -globulin fraction or are asso¬ 
ciated with it. Animals Hhi<*h have on a low-protein diet have less 
7 -globuhn in the blood and are mon* suscej>tible to disease than animals 
on a high-protein diet. Thus it app<‘ars that our state of protein nutri¬ 
tion is an imjM»rtant fa<*tor in dis<*asi‘ nmstance. 

Pcrhai)H tlu* most sixTlacular use of protein hydrolysates has been in 
the treatment of s(*v<*r(» burns. ()n<* of the hazards of such a burn is that 
large amounts of protein material aix* l<Kst fnnu the body in the exudate 
which continu(‘.s to oozi* out over the surface of the burn. If this protein 
loss can lx* comiK»usat<*d tor by injecting large* (juantities of hydrolyzed 
protein, th<*ix* is reasomible* hofx* for the recovery of the patient. 

In many of tlu'se ease*s involving intravenous inj(*ction, blood plasma 
may l)e us(*d in place of jmitein hydrohsates. Because of the difficulty 
of getting sufficient human plasma when large (piaiitities are* ri*quired, 
protein hyelreilysiite's miwle* fre)m casi*in are more practiciil to use. Unhy- 
drolyz(*d preiteins, e)the*r than tho.*^* ol human plasma, usually cannot lx* 
used Ix'cause of the* allergic ii*ae*tions which they induce*. One* disad¬ 
vantage* of using prote*iii hyelrolysate\s is tliat they are very unpalatable 
and must lx* administere*d by stemiach tulx* or by vein. 

Supplementary Value of Proteins. Many of the cereal grains are low 
in their lysine conte*nt. Gelatin is rie*h in lysine. lit*n(*e a combination 
of e*en*al grains and ge*latin is a lK‘tte*r protein food than either alone. 
Gelatin is theri'fore a ve*ry fine supplement for eer(*al proteins. If a pro¬ 
tein has just the propc'r assortment of amino a(*ids for tissue building, it is 
said to have verj* high biological value, but it is of little value in supple¬ 
menting a protein of poor biological value. In general, it may lx* said 
that the lower the biological value of a pn)tein when fed by itself, the 
higher is its supplementary value, provided it is used to supplement a 
protein which is larking in the amino acid in which it is high. 
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Essential and Nonessential Amino Acids. Much work has been done 
on the iniix)rtanre of tho various amino acids in nutritroa. Rose and his 
coworkers have made an exhaustive study of the known amino acids and 
their relation to growth. In the course of their work they discovered a 
new amino a(jid, a-aniino-^-hydroxy-n-butyric acid, which they found to 
be ess<‘ntial for growth. They namcKl this new amino acid threoninei 
iKHjause it has the same configuration as tlmnise, the tetrosi* sugar. It 
should be noted that Rose’s work dealt only with tlie amino acid require* 
inents for growth. What the requirements may Ih‘ for other physiologi¬ 
cal functions, such as rf‘production or lactation, cannot lx‘ stated at the 
present time. However, it appears that all the amino acids are rtx}uired 
for growth and that certain ones art' apparently nonessential Ix'i'ause the 
l)ody is able to synthesize them. If the IxKly is able to synthesize an 
amino acid for growth, supposedly it can also synthesize' the amino acid 
for any othe'r biological need. 

According to Host', the amino acids may bt' classified according to their 
nutritive importance for growth as follows: 


Essential 

Nonessbntial 

Lysine 

(ilycine 

Tryptophane 

Proline 

MethioniiH' 

Hydroxy proline 

Histitlinc 

Aspartic acid 

Phenyhilanine 

(Ilutaiinc acid 

Isolcucine 

Hydroxyglutainic acid 

Valine 

Serine 

Leucine 

Alanine 

Threonine 

Norleucino 

Arginine 

Cystine 

Tyrosine 

Citrulline 


In these lists arginine is claRsified as an csst'ntial amino acid. If argi¬ 
nine is excluded from the diet, growth occurs but not at a normal rate. 
Hence it is said that arginine is essential for normal growth. 

Holt and Albanese havt' studied the amino acid requirc'ments of man. 
They bt'lieve that arginint' is an essential amino acid. When it is lack¬ 
ing in th(' diet of men, there is a marked decrease in the numlx'r of sper¬ 
matozoa produced; in rats they noted marked tissue changes in the 
testes. Thus arginine appears to be e^ntial for repniduction in the 
male. Holt and Albanese also surest that histidine may be essential 
in the diet of man. 
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REVIEW QUESTIONS 

1. Namo two important functionn of amino aridH in nutrition. 

2. Whiit i** rnoiiiit l>y the t«Tfn nitroKcntiua equilibrium? 

3* What iH meant by a niicative and by a jM>sitive nitrogen bahuice? 

4. What are iKoto]M‘«? How are they u.s»‘d in htudyinp [initi'in rnetalKihsm? 

6. When i.sotopie leiinru* fed, where is the heavy nitrofsen found in the ti.ssui's? 
What iM the i-ottifx* eonUMit of glutamie iwid anti of lysine? 

6. Indicate two ways by which ammo fproups may lie transferred from one anuno 
acid to anothcT. 

7. What IS Kieant by transamination? 

8 . Il*)w limy carlM)liy<lrat<‘s be converted into ammo acids in the body? 

9. What evidence is theft* that iht* earlKin <‘ham of ont* ammo atad may bv con> 
verU*<i mt.o the catt)on chain of another? 

10. Nam« tlie four iiio.st m))Kirtant nitroKen compounds found m the urine. 

11 . iStam tie* Kretis and llcriseleit th(*ory of urea formation. In what organ is 
UH'tt forint*d? 

12. What I*' tht* origin of iinniiiy ammonia? 

18. Frtnn what tlii*« ^4 iuic«n is riiMtine dcrivi‘d? 

14. What IS tht‘ origin of iTeatimiic? 

15 . Naiiu* tlu* pyrinudiiif'S anti the purines found m nuchniprotoin. 

16. What H the end prodin t of pyrtritiditie ni<‘talKi)ism? 

17. What IS the end product <»f purine metabolism in rnan*'^ In other mammals? 

18. What IS the precursoi of une arid in metatiolisnr* 

19. What evidence is there that purines are svntheM/A*d in the body? 

20. Discuss sulfur metaliohsm. What imiHirtant ammo acids contain sulfur? 
l>istmgui*<h lM‘tween inorganic sulfates, ethereal sulfates, and m*utral sulfur m the 
iirme 

21. What IS meant by a ketogeruc and by an antiketogenic ammo acid? Give 
examples of oiwh tv|M* 

22. What i-s meant by a bnikigicallv loiiipleti* proinn? 

23. l)is< •uss the su|)plem4*iit.uv value of protein’s 

24. Name the essi*ntuU lual nonessiMitial ammo acids. 
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CALORIMETRY 

Since the human body is as a ruU* wanner than its envinminent, it is 
obvious that h(*at must l)e suf)plie(l to tiu‘ Ixidy in oiti(‘r that it may 
maintain its temperature. It is obvious also that energy must be 
suj)plied for the meciiaiiical work which the biniy do(‘s. This heat and 
the meclianical eiuM^y come from iiie oxuiation of tlu‘ foods whiel) are 
('atcn. In this cha])t(‘r we shall c»»nsider tlu‘ various food materials tis 
sources of heat and mt'chtinical eneru;>’. 

Regulation of Body Temperature. The ti^rnperalure of the human 
body in health is remaikably constant at This fa(‘t indicates the 

pr(*s<»nc(‘ of an (‘flicient thermostatic (‘onlrol. Many animals often 
spoken of as cold-blooded havH‘ tem|MTatiires close to tiial of their en¬ 
vironment. W'licn tlu‘ir cnvironmt'iit bi'comes cold, they lose their 
activity. 

In the higluT animals Ixxly t(‘mp(‘ratur(‘ is controlled by a certain 
part of th(* brain, oftc'n spokt'ii of as the heat center. A fev<'r is usually 
due to the h(‘at center Immiij? aflVcte<l hy toxins produc(‘d by bacteria, 
(’ertain drugs low'(‘r body t(*mix‘ratun* by thi^ opposite^ etlirt which 
th(\v have on the heat c(‘nt(‘r. Infants must be prot(*cted from ex{K)sure 
l)e<*ause their ]icat-n»gulating mechanism is ixiorly d(‘velopc<l. 

Practically, body tcinfKMature is controll(*d by n^gulating heat pro¬ 
duction or heat loss from the Ixuly. When a ]MTson is cold, cxercisi* will 
mak(* him warm. Shivering may be lookt'd upon as involuntary excr- 
eisii. On a hot day r(‘fraining from (*x(*rcisc ai<ls in kc^c^ping cool. 

Thc‘ most iinrxutant incan.s of regulating body t<‘injK*raturc is by 
controlling heat loss. Since watiT has a high li(‘at of vaporization, any 
water wdiich evaporates from the Ixaly r(*mov(\s heat. In w^arm w(‘ath<*r 
our sw'(»at glands ojk‘ii, and we f>er.spir(\ As the* sw’eat evaporates from 
the surfac‘e of the* biniy, t lu're is a eooling efTect. Fans aid in keteping one 
C(K)l by hastening (waporation. Moisture is also lost from the Ixidy 
through the lungs when w'e breathe. The importance* f)f this method of 
losing heat from the l)ody is .s(»en in dogs, which pant in hot weather. 
Dogs do not sweat but lc»se much hf‘at from the lM)dy through evapora¬ 
tion by w^ay of the mouth. Since evaimration is reflated to humidity, it is 
obvious why a high temperature is not as o|)pr(\ssive in a dry climate as 
in a humid one. 

Heat is continually Ixdng lost from the lx)dy by direct radiation. The 
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temperature of the surface of the body varies considerably, depending 
upon the temperature of the environment. The amount of heat lost 
from the IxKly by radiation dofiends iJix>n the difference between the 
tempera!un*. of the lx)dy and that of its enviitmrnent. In cold weather 
the skin be(?omc8 cold because* there is a restriction of the blood supply to 
the skin. Thus heat loss is l(*ssen(*(l. In warm weather blood comes to 
the surface, and the skin is warm, thus aiding in heat loss by radiation. 
A person becomes flusiied wh(‘n the temperature is high. 

Calories. Heat i.s measured in terms of calories. A small calorie 
is the amount of heat recjuired tf) raise the t(‘mperature of 1 gram of 
water fn)m 15® t(» Since this unit is small, it is customary to use a 

larger one in animal ealorimetry. This unit is the large Calorie, which 
is eiiuivalenl to 1000 small calories. In working with domestic animals 
such as the cow, a still larger unit Is s<»m<‘times used, called the therm, 
which is equivalent to I (KM) large ("alorie.^. Since* heat energy may lx* 

converte<l into m(‘(‘hanical t*nerg>% it is pos¬ 
sible to expr(*ss in(*ehanical energy in terms 
of calories. ()n(* larg<* ('alorie is equivalent 
to 30S7 ft-lb. A foot-pound is the amount 
of (*nergy requiixsl tf) raise a weight of 1 lb. a 
distunci* of 1 ft. against th<* force* of gravity. 

Gross Energy. The h(*at of combustion 
of a food may be determined by burning a 
known weight of the food in a bomb calo¬ 
rimeter. (See Fig. 10.) Essentially this 
is a hollow m(*tal (*hamlH*r in which may 
Ik* placed a platinum boat containing the 
sample to 1 h* analyz(*d. Th(* chamber is 
tilled with oxygen under pressure, and the 
sjimpk* IS ignited elect rically. During com¬ 
bustion the Ixmib is submersed in a known 
Fi<». 19. (VisK-wctiori <if a volume of water. From the rise in teni- 
Burgt^Parr oxygen iMHiib raliH jH*rature of the water the mimlx'r of calo- 

ries of heat gen(*rato(i may lx* calculat(*d. 
The amount of energy obtained from a fo<xl when completely burned in 
a bomb e4iiorimeter is known $i.s its gross energy. 

Metabolizable Energy. When fwxl is oxidiz(*d in the Ixxly, oxidation 
is not complete. The energ>^ which the body is able to obtain from a food 
is calk'd its metabolizable energy. Tho following table giv(*s the num¬ 
ber of large (^alories obtaim'd when 1 gram of the various food constitu¬ 
ents is burned in a bomb calorimeter and when it is metabolized in the 
body. 
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Gross Energy, Metabolizable Percentage Utl- 



Calories 

Exierg>% Calories 

lized by the Body 

Carbohydrate 

4 19 

4 0 

95 4 

Protein 

5.r>5 

4.0 

70 8 

Fat 

9.54 

8.9 

94.3 


It can be seen from the table that both carbohydrates and fats are 
fairly well utilized by the body. Th<* slight loss can lx* accounted for by 
incomplete absorption of th(‘se fexx! const it uc^nls or by the excretion in 
th(» urine of small amounts of int(‘rnu‘diate prcxlucts of metabolism 
\\hich have not been coinplet(‘ly oxidizc^l. Proteins an' not as com¬ 
pletely oxidizt‘d in tin* body ius carlx>ydrales or fats. The nitrogen of 
prc»teins is eliminated in th(‘ urine as nitrogenous organic coinfxjunds, 
such as urea, uric acid, or creatinine, which may lx* oxidized with the 
lilxn-ation of heat. Carbohydrate's and fats are oxidizi'd almost com- 
pl(*t('ly to ('(>2 and 1 I 2 (>, which are the final pnKlucts of oxidation, 
(irain for gram, carbohydrate's and protc'ins have about tlu'same energy 
\alues when oxidizt'd in the luxly, wdicreas fats pnxliue alxmt two and 
one-fourth iiiiK's as much (*n('rgy as carbohyilrates. \Mien the formu¬ 
las for carbohyclrat('s and fats am consid(*n'd, it is at once evident why 
fats give more ('iic'rgy on combustion than carbohydrates, ('arbohy- 
dratt's hav(' much oxygen in the molecule; fats have* littk'. Thus carbo¬ 
hydrates ar(' f)artly oxidizt'd to Ix'gin with, and h'ss heat would he ex¬ 
pected to be evolved during th<' complete' oxidation of such a molecule 
than during the oxidation of a fat moleeult', which contains little 
oxygen. 

Net Energy. If the excreta an' analyzed for (heir e'nc'rgy content, it is 
found that this value, atlded to (he metabolizable* em'rgy of a fcxxl, CKiuals 
the gross energy of the food. Thus nu'talx)lizabl«' ent'rgy equals the 
gross energy minus the* en(*rgy of the* ('xcreta. Sonic* ol the mc»taboliza- 
blc energy of a food is usc'd for the process of digestion, and some is 
involved in the specific dynamic action of foexls. (Se*!* p. 248.) The 
metabolizable' ene'rg>' of a fexxl, minus the sum of the* e'ncirgy of digestion 
and the energy of specific dynamic action, equals the* net energy of the 
fexxi. 

Animal Calorimetry. The first work on the nu'asurement of heat pro¬ 
duction by the animal body was done' by Lavoisie*r. He uw'd an ice 
calorimeter, in which the rhambe*r cemlaining the* animal under investi¬ 
gation is packed in ice. The heat prexluee'd by the animal melts the ice, 
and from the amount of w^ater produee'd the ht'at given off by the animal 
may be calculated. Today respiration calorimeters are used. The 
best work in animal calorimetry has been done by Rubner in Germany, 
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working on small animals; Atwater, Rosa, and Ik^iu^dict in this coimti^-^, 
on humaiis; and Armshy, on th(‘ largtT farm animals. 

A respiration (*al<irimet(T tsee Fig. 20; eon.si.sts of a weJl-imsuIated 
chambfT with three walls .s(‘parate<l by dciid air .spaces. By electrical 
heating coils and cold-water pi|M\s distrihut(‘d in th(‘ dciwl air spaces th(» 
Hpac(‘s may he inaintairwd at the same t(‘mperatiire a.s the inner chainlx'r, 
and thus there is no l<.s.s or gain in h<*at through the* walls of th(‘ chanilx3r. 
Inside the chamlx'r are pipes tfinuigh which wat(‘r may he circulated to 
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HMiiove tlie lu'at pro<luc<*<l hv th(‘ animal. Th(* tempcaature of the 
ingoing ami tuitgoing watei ami its voluim* being known, the calories ot 
heat rt'inoviHl may lx* calculaltHl. 'Fhi-ough tin* chamlM*r, air is circu¬ 
lated; the outgoing air is passtnl through Milturic acid to nanove water 
vajxa* and through sixla him* to remo\e carhon dioxide. As th(» oxygen 
is ivmovtxl from the air by tiu' animal in the* chamlHT, more* is add(*d 
from a tank of conipn^sstnl oxygen. Since th(‘ w'ater vapor given olT 
by the animal nxiuirc's heat to volatilize it, it is important to know' the 
weight <»f wattT pimluced. This is detennimxl by noting the incivasi* in 
weight of tlu* sulfuric acid contaiiUT. The latent heat of va(X)rization 
of thus w att'r in calories, a<lded to I in* calories reiimvcnl fi*om the chamlxT 
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by {hv water going tlirough tlie e<M)ling pifx*s, indicates the total heat 
pr(Kluced by the animal. From the ineivjise in weight of the soda lime 
eontainer and tlu* loss in \v(*ight of the oxygen tank, (he earlxm dioxide 
pixxluction and oxygen eonsumption ean l)e determiiuHl. In most 
calorimeters provision is made for int nKliieing fo(Kl and n‘moving excreta. 
.Vs a result siK'cial pn'cautions must 1 h» taken to prevent ern>r due to the 
intiTKluetion or n^moval f)f lu^at from the chamUT. The footl entering 
th(‘ chamber and the excrc'ta U'aving it must hav(‘ the -ianu* t('m|K»rutun* 
as the chamber or iiropt'i* corriH'tions must K' appli(*d. In calorimeters 
for human Iwangs pren'^sion is made for the izulividual to operate a bicy¬ 
cle pi-ovided with an instrument for measuring the* amount of work done, 
'fhus till' tbod r(‘<iuin*m<‘nt for doing work may lx* studitxl. 

Respiratory Quotient, 'rhe n's])iratorv (jiiotient, usually spoken of 
as the R.Q., is tla* volume of carbon dioxhl(‘ prodt:(e<h dividi^d by the 
volume of oxygen coiiMimed, by an animal. Aecording to Avogiulro’s 
law, e<|ual volum(‘s (.f ah gases at tin* saiiu* temperature and pivssurt» 
contain tla* sanu* mimlu'r of molecule^. Il(‘nc(‘ th(‘ K.Q. may be eon- 
^id<*r(‘<l tli(‘ number of molc'cuh's of car!)on dioxide proOueed, divided by 
1 [h‘ numlxa* of mole(‘ul(‘s of oxygen c<aisum(‘d. 

Wlieii gluc().M‘, a typical carbohydrate, is completely oxiilizixl, the 
follow’ing reaction ociMir'": 

f VHijtV -t 4 rdU) 

Applying A\oga<ln)*s law, wt* can say that, when Migar is oxidized, six 
volumes of carbon dioxide are produced when six v*)luiiu‘s of oxygtm are 
^•oIlsum(*d: 

, b 

nxi - I 

t» 


Thus the It.<2. when sugar is eomjdetely oxidized in th(* body is 1. 

\Vh<‘n a typical fat like tristixirin is <»xi<lized eom))l(‘t(‘ly, tlie following 
reaction takes place*: 


IIc*nc<‘ 


2(V,7Hn„()fi + IbHOii • IlK’Oo -+ 1101120 

, ll4('Oo 

It.Q. =-“ = 0.7 


With proteins the calculations arc more eomydicated, since proteins 
are not completely oxielizexl t«> carlxm dioxieh* and water in the body. 
The H.Q. when prot(*ins are oXidiz(‘d in the body is 0.8. 

When an animal is eating an (*x<*c»ss of carlwilij^drate and converting 
the exec'ss to fat, the It.Q. i.s more than 1. This fact can ix^adily be 
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undorstood when it is considerf<l that carbohydrates contain more oxy- 
gen than fats. When carbcihydrates arc changed to fats, oxygen is 
liberated for oxidation purposes, and loss oxygen is consumed from the 
air for carrying on t he oxidation proooss(\s in th(‘ body. 

In diaix'tes, when prottMii and at least the gly(*erol of fat are being 
converted into sugar and th(‘ sugar is })cing cxcr(*tod in the urine, the 
R.Q. is loss than 0.7, lx*(*aiise oxygen must lx.* supplic*d from the air for 
the chemical procc^ssc^s involve d and no carlxm dioxide* results from the 
reaction. 

A low K.Q. has Ix^en not(‘d during hilx*mation. Before hil)ernation, 
when the animal is stm-ing fat, the H.Q. is high. Simr under ordinary 
conditions an animal is oxidizing soiru* of all three* of the foodstuffs, the 
li.Q. is lK‘tween 0.7 and 1.0. As a rule th(* K.Q. during rest is al>out 
0.85. 

If th<i oxyg(‘n consumi)tion, the carlxm dioxidi* production, and the 
amount of nitrogeii in tla* urine an* known for a given i)eriod, it is possi¬ 
ble to tell how much of each foo<l con.stitu(*nt has b(‘(*n oxidized during 
the period. From the* urinary nitrog(‘n the* amount of protein oxidized, 
and thc*refore th(* amount of oxygen and carbon dioxide involved in its 
oxidation, can Im* calculat(*d. By subtra(*tion the amount of o.xygen 
and carlxm dioxide involved in tlu* oxidation of nonprotein material can 
Ik' found, and thus th(* nonprot<*m can Ik* determined. Once the 
nonj)rot<*in B.Q. is known, the weight of carbohydrate and fat ('(piivalent 
to each liter of o.xyg(*n consunu‘<l can be calculat(‘d. Tables are available 
which makes this calculation v(*ry smi])le. 

Basal Metabolism. The rate of o.\ygen (‘onsumption, carbon dioxide* 
formation, and heat production is influenced by various factons, such as 
muscular activity, digi*stion, and emotional excitement. The rate of 
heAt pnKluction of an imlividual during phyv^ical, (*motional, and diges¬ 
tive r(\st is known lus his basal metabolic rate. Since during n\st the 
respiratory quotient is fairly con.stant, thi'n* is a rather definite (*orrela- 
tion iK'tween Iw'at pnKluction, oxygen consimiption, and carlxm dioxide 
pnxluction. As the* direct me‘;u*<ur(*ment of h(*at produ(*cd by an individ¬ 
ual is a eomplicate'd proce'durc, it is customary to ele'tenninc the basal 
metalxilie rate* irKlire'(*tly by nu*asuring the* oxygem eonsumed in a given 
length of time. FacIi lite»r of eixygc'n eonsunie*d is e*quivalent to 4.825 
Calorie'S. A pe'rson whose basal me'talxilie rate is to be* determined 
should lx* given a light supjx'r the night lx?fore the test and should have a 
good night's rest. The texst is run in the morning Ix'fore breakfast, pref¬ 
erably shortly after aw'akening. 

The apparatus (sec* Fig, 21) consists of a metallic boll jar filled with 
pure oxygen and sealed with water. By moAns of rubber tubes the pure 
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oxygen is inhaled. The exhaled gases pass through soda lime to ramove 
carbon dioxide, before being retunwHl to the bell jar. Thus the loss in 
volume of oxygen in the bell jar indicates the volume of oxygen con¬ 
sumed. The test requires from 8 to 
10 minutes for completion. During 
the test the apparatus draws a line 
on a special chart by means of which 
the volume of oxygen consumed pK'r 
minute may lx? read directly. The* 
result obtained is comi>artHl with 
normal vaha's and is expresscxl in 
percentage abovf* or Inflow normal. 

The normal values are taken from 
tables which have lx'(‘n compiled 
from actual te.st.s on healthy indi¬ 
viduals of lK)th s('xes and f)f varioas 
ages, weights, and heights. 

Influence of Surface Area. It is 
evident that the h(»at pro(luc(*d by 
the metabolic processes of thc» body i- oi * r o i 

IS mainly lost by radiation from the juraphio mcbibolism apparatuH. Cour- 
surface. Therefore' surfac(' area is tesy of thi* Sanborn Co. 
the most important factor deter¬ 
mining the basal inetalxilic rate of an animal. It has Ix'en found that 
the heat prexiucc'd during rest by all animals is approximately the same 
when expressed in t(*rms of surface area. About 10(K) Calories are pro¬ 
duced per s(|uare meter per day. Thus small animals prcxlucf' much 
more heat on the weight basis than large animals. A mature human 
male ])rodiiees 39.5 Calories jx'r .s(|uan* metc*r per hour, and a mature 
f(‘male 36.5 to 37 Calories. Surfac*e area may lx* calculated from the 
following formula: 

A = X X 71.84 



wh(*re 

A = area in scpiare centiinf'ters. 
W = weight in kilograms. 

7/ = height in c(*ritimet<*rs. 


From the foregoing discussion it is apparent that weight anel height arc 
important factors in estimating an individual’s normal basal metabolic 
rate. 

Influence of Age. Age is an important factor affecting the basal 
metabolic rate. A newborn baby prexiuces from 600 to 700 Calories per 
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8(|uare mcti*r of surface p<*r day, as compared to 1(KK) C'alories for an 
adult. During; the first few years of life the basal inetalx>lie rate risers 
rapidly, niochin^ a value* 20 |)(‘r cent alM)ve that of the adult. After 
pulxirty th(*r«* is a gradual <i(‘(*lin(». A I r>-vi*ar-oid male* ])roduccs 4t) 
(>alories |)<»r square inel<*r per liour; at liO years the* nuinls‘r is redue(»d to 
39.r) ('alories; and at 70 years, to (’alori(‘s. A ft‘niale j)rodiiees from 
2.0 to H.O ('alorie^ lr‘.s,s at eorr(’S|M)nding age^. 

Diagnosis of Disease, d'hc* dc^termiriation of the* basal metabolic rate 
has fouia) wi<le at)plieatioii in hospitals in the* diagnosis of evrtain 
elise*as(\s, e*spe'eially goite*r, a dise^ase* of the thyroid gland. In exophthal¬ 
mic goiter ba'-ul me'tabolie rat(‘s fr<*in 20 tei .*>0 pe^r rent above normal are* 
(*ommon, and in se'vere* eases they may be* nnK*h higlie*r. In cretinism, 
a dise'ase* asse)e*iate‘d witli an unde‘rele‘ve*lope*el thyre)iel. basal me*tal)olie 
rate\s eif 2i\ pe‘r e*e‘nt U-low nenmal are e-eiinmon. In leukemia value*s 20 
|M»r e*e‘nt nbe/ve* ne»rnial may Im* e*\pe*e‘te‘el. Fevers lia\(' l)e*e*n she)\vn tei 
inere'ase* the* basal metabolic rate*. A \^( \ rise* in te*m])e*ratm(‘ in(*r(*as(*s 
the rate* Id p(*r cent. During starvation the* basal me‘tabolie rate* de*- 
ere*ase*s. In one* instance* a man s basal m(*taboIie rate* ele*cr(‘as(*el 20 |>e*r 
e‘ent aft(*r 21 elays e I lasting. 

Specific Dynamic Action of Foods. The* t(*st for el(*t{*rmining the* 
basal me*tab<*lic late* is made* eluring elige*stive* re*st be*e*ause it has l)e*e*n 
found that sliortly alter the* inge*stion of tood the me'tabolie rate* is 
nie*re*a.se*el, espe*cially alt<*r a piote*in me*al. This rise* in m(*tal)e)he* rate* 
afte*!* the* dige*stion and absorption < f tooel is saiel tei lie* due te> the* specific 
dynamic action of fetoel. 

Sugars show the* lea**! s|M*cifie* elynamie* e*iV<‘e l e f any e>f the le)e)eIstufTs. 
A sugar nie*al in(*re*ase\s the* rate* rapidh trom 21 to do per e*ent, but in \ 
heitirs tlie* e'ffe'e't ise)ve*r. Witli fatsthe*re* i'^a graelual rise* teidO pe'r e*e*nt in 
(> hemrs, anel a graelual falling eiff until the* tenth henir afte*r the nu'al. 
Pre)te*ins preuluee* a rapiel rise to SO pei eent in d hours, anel the rate* .stays 
high until the* te*ntli lieair, \\he*n a graelual lalling eitV ex'curs until tlie* 
twenty-first heiur, at whieli time* it baek to ne)rmal. In ti*rms eif te>tal 
calorie's of the* fo<»el u.s<*el for mainte*nane*e* pur]>o.se*s it luis bee*n e*stimate*el 
that em a inixe*el elie*t from 10 te) lo |)er e*e*nt mu.st lx* aelele*el te» take* care* e)f 
this .sjM*(*ifi<* elynamie e'lYe'e*t. 

Many the*e>ries have* lH*e*n suggesfe*el tei e*xplain tliis s|M‘(*ifie dynamic 
ae'tion e>f foe)els, but as ye*t no the*e»ry h:is bee‘n aelvane*e*el which iseaitirely 
sivtisfactory. It is pe)ssible* that sim])ly the* e\e*(*.ss .supply of food mater¬ 
ial pr(*sent in the* tissue's after a nu*al .'^|M*e*els up eixidative reactions by its 
imuss «'ffce*t. The high e»fTee*t from preUe'ins has Ihm'II attribute*d te) a 
stimulateiry e*fTe*e*t e)f ce'Hain anune> ae*iels e)n e*e*llular mctalH>li.sm. Amine) 
acids themselv(*s stimulate mctalxelisin, although, it is interesting to 
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note, the various amino acids difier in their ability to do so. I'hus gly¬ 
cine, alanine, and phenylalanine have a very high s|K^oific dynamic effect, 
when^as leucine and tyrosine have little effect. 

Since under basal conditions the U.Q. is 0.85, it is evident that under 
th(‘S(* conditions carbohydrates, fats, and proteins aiv all l»eing oxidizinl 
in the body. Since work is l)eing done in the body eveii at n'st by sucli 
organs as th(‘ heart, it apjx'ai’s that any bxHlstuff may Ix' a source of 
<‘nerg>" for mechanical woik. 

Mental effort appanmtly has little influence on energy nu'tabolism. 
The slight increase of 4 jer c(‘nt in im'talK)lism fouml during intense 
mental activity may lx* accountcxl for by tlu‘ involuntary muscular activ¬ 
ity of organs like tlu* hi‘ai1 and lungs. 

Source of Energy for Work. Wi‘ have' stx‘n that (‘n(Mg\’ must Ik* 
suj)plied to the body for its fun(‘ti()ning under bnsiil eouditions and that, 
in addition, from lO to 15 c/mt is rec|uired to take* can* of 1h(‘ sjxx'ific 
dynamic action of the food eaten. If the body is to do work, cnt*rgy in 
th(‘ form of fo(Kl must lx* sui)pli(Hl for this pur]X)se. An ini (‘nesting (jues- 
tion ari.ses as to th(‘ sourci' <4* th(‘ iiKX'hameal emegy us* d by the Ixxly. 
At one lime it was thought that tlu* proteins of the tissues were oxidized 
during miLseular activity and that a high-proti'in di(‘t ^\^is n(‘e<*ssary for a 
working man. We now know that violent muscular activity has litth* 
effect on protein m(‘tabolisni. The amount of nitr()g(‘n exen^ed in the 
urine is alxmt th(‘ sanx* \\hether a |XTson is resting or wt rking hard. 

If a pcTson at hard work is .supplied with an adecjuate amount of ail 
three* hxxls.ufTs, the* r(‘s])iratory ({uotient approaches I.O, an indication 
that carbohydrates are the choice* of the* musele*s as t he‘ir se)uree of e*nergy. 
If ne*ee’.s.sary, he)W'ever, any of the* thr(*c* fexxlstuffs may lx* utilize*el for 
energy’pnxluetion, and the*ir re*lative* value*sniay be* ealeiilat(*d from their 
m(*talx)lizabl(* energy e(|uivale*nts. 

Energy Requirements in Nutrition. In e*alrulating tlu* ene‘rgy n*- 
epiirements for an jwleMiuate di(*t, all the* factors just dis(‘us.s(»d must be 
eemsieleri'd. From basal me'tabe)li.sm .studie*s the* nuiiilx*r of Calorie's 
ne'cessary for maintenaiK*e» is known. Te> this figure* must he* adde*d suffi¬ 
cient Calories to take* care* ejf the* .s}x*e*ifie elynainie ae'tion eif the* foe.d con¬ 
sumed and the w'ork e>f dige*stie)n. Finally, the fVexl mu.s1 supply the* 
energy' for work. The fe)lle»wiiig table* inelicate*s the* ealenie re*quire*me*nts 
for 24 hours of a 70-kile)gram man uneie*r various coiielitions. 

CaIjORUSS C^ALOfilKH 

Sleeping 1.500 Doing light fNeTcise* 2000 

Awake, lying 1700 Dexng light work :ifi00 

Sitting 2400 Doing htinvy work 4(XK) (KXK) 
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In arranging diets for children it should be lK>me in mind that during 
childhood the basal metabolic rate is higher than that of the adult. The 
great physical activity of a child must also l)e coasidored. Finally, 
excess food must lie provided for growth. A child of 2 years requires 
about 1100 Calorics; a boy of 12 years, 21M) to 3(KK) Calorics. 

REVIEW QUESTIONS 

L How dw?8 the iKxly maintain a fairly constant t-cmpcTature? 

SL l>efitu‘ small calorie, largfi ("alorie, and therm. 

8« What is the meehnnical eriuivalent of heat? * 

4 . IX^fine Kro.ss enerj?y, ineUiliolizmK t^m^rgy, ami n(‘t onijrKy of a food. 

6« T)es(*nlM! a reKpiration ealorimeter. 

6. Iodine respiratory quotu‘iit. What do tlu* following indicato 1.0, 

1.2, 0.7, 0.8, 0.8,*), and O.ri? 

7. What IS m<‘ant hy hiLnal metalMilie rate? IIow is it d(‘t(*rmiri<*d, and of what 
value is it in the diagnosis of dis<*.*i.si‘? 

8* How many ('alnre « are jirodueecl per siiuan* meter of body surfact^ per day? 

9. How <lo age, He\, ami Isuly tem|M‘rature influeiiec^ the basal in(*tabolie rate? 

10. What. is meant by the speeitie (lynaime action <»f foods? Are all foods eipinl 
in their H|x*eifie dynamii* aid ion? 

11. What class of foods is usually u.simI by the Ixxly for work? What evideiiee 
can bo given in suiijsirt of your answiT? 

12. Ilow many (’alora's are re<|uir(Hl by tin* average normal individual per day 
under various eomlitions of n'.st ami <*\ercise? 
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CHAPTER XVI 
COMPOSITION OF TISSUES 

Tho body consists of s('V('ral ty|x\s of tissiu's, which differ in their 
composition. In this chapter we shall consider briefly the chemical 
characteristics of some of the more im|H)rtaiif tissues. 

Muscle Tissue. The muscles may Ik' considtTcd the motor orfi^ans 
of th(* Innly. Most muscles are attached to lh(* skeleton; and, when they 
contract, th(»y caus(» m<ttioTi in the IhkIy. Th(*se muscles are imder the 
control of the will and ar(‘ said to l)e voluntar>\ Mi(‘rosci)pically, volun¬ 
tary muscles have a striated apfH'arance and are sometimes <‘alled 
striated muscles. 

In contrast to the voluntary muscles is a group of muscles which are 
not und(*r the* control of th(‘ will. They ar(‘ calk^l involuntary muscles 
and are r(‘pr(\s(‘nted l)y such muscles jis thos(' of th(‘ stomach and intesti¬ 
nal w’alls and the blood v(\ss('ls. Involuntary mus(*l(‘s are not striated 
and are often refcMTinl to as unstriated or smooth muscles. 

Our knc»\vl('dg<* of tlu* comjM)sition of muscle tissui' has lK*en obtained 
mainly from the study of voluntary muscl(*s, such as those found in lean 
meat. Such muscles contain about To |K*r (*(*nt of water and 25 jxt cent 
of solids. About 80 ])<*r cent of the solids is protein, the r(*mainder 
Ix'ing materials calk'd extractives, which are soluble in w'at('r, alcohol, 
or ether. Among the (*xtra<*tiv(‘s an* found lipids, (*arlx)hydratos, 
minc*ral salts, and a grou]) of miwellaneo\is corninmnds, many of which 
an* nitrogenous. 

Muscle Proteins. In living muscle th(*n* an* at least two im}K)rtant 
proteins: myosinogen, which ]m*doininat(*s and from its solubility has 
lM*(*n ckiss(*d as a i)S(*udogk)bulin; and paramyosinogen, w’hich is a globu¬ 
lin. By submitting muscle to high pressure, a licpiid may lx* obtained, 
called muscle plasma, which clots on standing, in a manner similar to 
bkM)d. Th(* protein of tlu* muscle* clot is calk'd myosin. It is Ix'lieved 
that the rigor mortis which sets in \vhen an animal di(*s is due to the clot¬ 
ting of miLscle proteins, w'ith the formation of myosin. 

Nonnitrogenous Extractives. The extractives of muscle may for 
convenience lx* divided into two classes, the nonnitrogenous and the 
nitrogenous. f)f the nonnitrogenous type* may lx? mentioned glycogen, 
lactic acid, inositol, and lipids. Glycogen is present in muscle in amounts 
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nm^png from 0.15 to 0.30 iK*r (■«*nt. It coiLstitutes the main source of the 
raergy uw«l in iiuLscuiar contraction. lactic acid is one of the products 
funned wiicn sugar is iacta)M>liz(‘d Ity the muscle for energy. Inositol is 
an inten-sting com|s>und, whirdi nray Ik‘ l(K)ked upon as cyclohexane 
with an OH grouj) attached to each carlsm atom. 

t'HOH 

/ \ 

HOIK’ CHOH 

i I 

HtllU; CHOU 

\ / 

('HOII 

Inonitol 

(•.il(*iuni-!!iji«ncsiuin salt of inositol phosphoric Jicid, which is found 
in many plants, is call<‘d phytin. Phytin is not (‘Jisily digested; hence 
nu’Uiy plant materiaU, although th(‘y may be rich in phosphoric acid 
according to their ch( inical analysis, ar(‘ pofir sources of phosphorus in 
th<» diet. 

Inositol has Imm'Ii shown to be (‘ssential in the diet of miee, rats, and 
chicks lor normal growth. When it is lacking in th(‘ diet, mice lose their 
hair, and rats develop a pcs’uliar condition of th(' eye. Thus it appears 
that inositol is a vitamin. 

MuncIcs contain lipids, which may be extract(*d with ether. In th(‘ 
musel(» cells thi* lipid material is mainly phospholipid. Neutral fat, 
for the most part, is deposited In’tween tlu» mu.sek* fibers in th(‘ connec¬ 
tive tissijf*. Housewives an* familiar with Hu* fact that a steak which 
has a g(*uerous supply of fat ilistributed uniformly through the lean is a 
b(‘tter st(*ak than one which i.N all lean. 

'I'h(* inorganic salts of muscle uie the MKlium, potassium, iron, cal- 
<*ium, and magnesium salt.s of phosphoric and hydrochloric aci<ls. 
Potassium phosphate is tin* pn*<lorninating .salt pres(‘nt. 

Nitrogenous Extractives, .\mong the* imiHirtant nitrogenous extrac¬ 
tive's ohtaim’d from musek* are* creatine, creatine phosphate, purines, 
fre*e* ami combim*d :us nucleotides, camosine, anserine, unel carnitine. 

(’reatine* and creatinine*, iis we*ll as ce*rtain nucleotides such ius adenylic 
a<*iel, inosinie acid, ami a<le*nylpyrophosphate‘, play important roles in 
nui.scle» nu*tabe>lism, :us was indieate*el in the* elisen.s.sion of earlxdiydrate 
inetabeilism. (’arnosine is a <li[M*ptide of histidine and /3-alanine. 
Anse’rine* is methyh’arneisine*. ('amitine is a iK'taine and is related in its 
chemical structure* to choline. 

A glance at the* feuvgoing list of (‘emiiKmnds found in the extractives of 
muscle tissue* shows that little of nutritive value is present. It is evident 
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that tho broths which are oft<*n fed to invalids have hot slight food value. 
1 heir main function in the diet aptx^ars to bc‘ their effect on the apiK^tite. 
The value' of soups in nutrition de|K'nds largely uixm nu'at and vegetable-s 
prest'nt and not ujsm meat (‘xtrac'tives. 

Nervous Tissue. 'The nervous tissue luus Ixvn calU*il tht‘ master 
tissue' of the Ixxly Ix'cause by means of it all other tissue's are* eontrolh'd. 
XervoiLs tissue is found in tlie brain, spinal cord, and nerves. Ab(»ut 
ST) jM'r cent of the nc'rvous tissue is 
found in the brain. Most of our 
knowlc'dge of the composition of neu- 
vous tissue has come' from a study ol 
the brain. 

Stri (Titkp: of Nkhvofs Tissuk. 

N(»rvous tissue is made' up of ne»rve 
ee'lls ealle'd neurons. (St'e' Fip. 22.) 

A typical neuron e'onsists of a cell 
body, whie'h contains a nucleus. 

From the' surface of the cell body 
proje'ct se've'ial short branches c'alle'el 
dendrites, and a single' long preHH'ss 
ealle'd an axon. At the' e'liel e»f the 
axetn are' terminal branches. 'Hu' 
e'e'll bexly, tle'iuirite's, aiiel axeai are' the' 
true* nerve)us tiasue thre)ugh \vhie*h the* 
iie'rve* imj)ulse*s pass. 'Fhis tissue' is 
gray in color anel is e)fte*n e'aile'el gray 
matter. 

In nie)st nem* e*ells the' a.xem is 
e*e>vere'el with a fatty laye'r, the* myelin 
sheath, which is white in color anel 
is e)fte*n calleel white matter. Sur- 
rouneling the* myelin she'ath e)r, if this 
is abse'nt, the axon itse'lf, is a me'in- 
brane calk'd the neurilemma. 

Nerve* impulse's pass freiin erne nerve» ce*!! to ane»the'r through the con¬ 
tact of the te'rminal branche's e)f the* axon eif erne e*e*ll with the* ele»ndrites of 
the e*('ll beiely of aiieithe'r. Hie'se' zeme's eif e'cntact are* kneiwn eis synapses. 

The mye'lin she'ath, which is rich in lipiels, is thought te) se'rve* as an 
insulating material for the* axon. It has Ix'C'n suggeste*d that it may also 
aid in the* nutritiem of the nerve* cell. 

Composition of Nekvotts Tissue. The most eharacte'ristic fact con¬ 
cerning the composition of the*, brain is its high cemte'nt of lipids. Fresh 
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brain contains from 12 to 15 p«*r cent of lipid. There is veiy little, if 
any, neutral fat in the brain, the lipid fraction consisting of cholesterol; 
phospholipids, such as lecithin, cephalin, and sphingomyelin; and glyco- 
iipids, such as phrenosin, kerasin, and nervon. 

Little is known concerning the ]>roteins of the brain. From 8 to 9 per 
cent of fn^sh brain is protein. An albuminoid called neurokeratin has 
bct^n isoiat(*d from brain; it differs in composition from other keratins. 
A globulin which coagulat(\s at 42®( \ has also b(»en isolated. It has been 
suggested that in sunstroke this globulin coagulates. Nucleoproteins 
which contain tlie usual animal nucl<‘ic acid arc prcs(‘nt. 

VarioiLs cxtraf*tives have lK‘cn olitaincd from brain, among which the 
most important arc* creatine, lactic acid, purines, and inositol. 

MKTAiioniSM OK liuAiN. Thcr(‘ is very little growth metabolism in 
nervous tissues Thv l»rain grows to julult siz(‘ (‘iirly in life, and it is 
l)elieved to rf‘mtiiii intact over long periods of time. \Vh(*ii nerves are 
injun^d, tlu'y an* r<‘[)aiicd v(‘ry slowly. Perhaps iiK'mory is related to 
this stability of n<T\oiis tissue^. A mental impr(*ssion may involve a 
p('rmanent chemical change in tlu* l)rain. 

The energy' mctab(»lism of iH*rvous tissue is high. The amount of 
oxygen consumed by the brain i.s many times gr<‘a1 (t 1 han tluit used by a 
eorn'SfKmding w(*ight of muscle tissiM*. I'his fact aeeounis for the g(*ner- 
ou8 bl<K)d supply to thc‘ brain. If oxygen is withheld from an animal, it 
lH*eom(*s uneonseious in about o minutes. Swimnu‘rs have b(»(‘n knowm 
to IxTonu* uneonseious from holding their bieath too long wlum diving. 
Since the brain contains no glyeog('n, the glueos(‘ of lh(' blood is probably 
its main source of energy. Possibly the un.sat mated pluKsfibolipids of the 
myelin sh(*aths tif nerv(*s are a soure<‘ of emMgy supply for the gray matter 
of nerve cells. 

The relation of acetylcholine to th(‘ transmission (>f iK'rve impulses was 
discussed in Chapter IV (Ui lipi<ls. (Sec* p. 111.) 

('khkhuosimnal Fli’id. The* brain and spinal cord are l)athed in the 
cerebrospinal fluid, which contains alwuit 99 p(»r c(‘nt of w'atcr. Very 
little protein is prc*sent; its nonprotcin constituents an* about the same as 
those of blood. Normally from II to 5 w’hitc* blood cells are present p(»r 
cubic millimeter. In ccTtain diw'jusc's the* white-cc*!! content increases, 
and baetc'Ha may lx* jm'sent. The pro!(‘in content may also increase. 
In diagnosing syphilis a Wassc'nnann test is oftcni made on the* s])inal 
fluid in pref(*ix'nee to the blood. In meningitis tlu* protein content and 
the w’hite-e(*ll count increasi*, and the s]X'eifie organism causing the dis¬ 
ease* may lx* demonstrated to lx* present in the wliite c(*lls. 

Epithelial Tissue. Ilie epithelial tissues, those which cover the out¬ 
side of the body, include the outside layers of the skin, the nails, and the 
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hair, and the hoins, hoofs, and feathers of animals. The most important 
point with regard to their chemical composition is that they are com- 
{X)sed large!}' of an albuminoid protein called keratin, which is charac¬ 
terized by its insolubility. It is not dig^^stcd by gastric or pancn^atic 
juice. It contains a high ixTcentage of cystine. Human hair is very 
rich in cystine, containing lb to 21 jkt cent. Sheep’s wool and feathers 
contain from 7 to 12 [mm* cent of cystine. 

The color of hair and skin is diH‘ to a pigment called melanin. Much 
mort' melanin is pn^sent in the skin of a Negro than in that of a white 
man. Wht^n a imtsoii becomes sun-tanncKl, mon* pigment than normal 
is formed. The formation of melanin is due to the action of an enzyme. 
If live skin is placed in a solution of 3,4-<lihydroxyphenylalanine, it 
iH'comes iiigmented in the dee|M'r layei*s. This is commonly calk'd the 
“dopa” reaction. The word dopa is an abbn'viation for (d)i(o)xy- 
(p)hcnyl(a)lanine. Dopa oxichisi* oxidizes 3,4-<lihydroxyphenylalanine 
to a blaek eomponnd. Albino skin does not show this reaction, a fact 
which suggests tliat albinos tlifh'i* from normal people in that they con¬ 
tain no dopa oxidase' in tlu'ir skin, or at leiist that the dopa oxidase is not 
active. 

When iiK'tallic poisons, such iis arsc'nic, find th('ir way into the body, 
th<‘y concentrate in tlu' skin and hair, (’uinulative arsenie ixiisoning, 
such as might occur from the long-continued us(' of vegetables or fruits 
spray(‘d ^v’ith arsenieals, may be detected by tlie high ai’st'nie content of 
the hair. 

Connective Tissue. Tlu* connective tissues include the tissues of the 
tendons and ligaments, th(' cartilages, the bones, and the teeth. The 
organic matter of tlu.se tissiu's is largely firotein of the albuminoid type. 
In the bon(*s and teeth, mineral matter is deposited in an organic matrix. 

Tendons and Ijcjaments. Tendons and ligaments are eomposcxl of 
two type's ot eoniK'etive' tissue, iianu'ly, white fibrous tissue and yellow 
elastic tissue. The' tendon of Ae’hilk's eif the eix is a goeid e'xample of 
white fibrous ti.ssut'. Its main eonstitue*iit is an albuminoid called 
collagen, ('ollagem elifTc'i-s from the ke'iatin eif the* e'pithelial tissue in 
that it is dige'sU'd by jH-psiii and by tr}i)sin after it has first Ix'en ae'tod 
upon by pepsin. It also e*e)iitains k'ss sulfur than deies kc'ratin. On 
heating with water, it is e'emve'rted intei gelatin. 

Gelatin is ivaelily soluble in hot wate'r anel is easily digested. It is a 
common article in the* die*t. Gedatin is lacking in se'veral amino acids 
and hence canneit supply the preitein nc'cels of the txKiy. It is lacking in 
e*ystinc, tiy-ptophane*, anel tyreisine. Ileiwever, it is especially rich in 
lysine and for this reason is a good supplement for cereal proteins which 
contain little lysine. 
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Among othiT prfrtcins prmjnt are elastin, tendomucoid, and a small 
amount of coaguiablo pmtcin. A Kinall amount of lipid is also present. 

Y<*llow **lnsfi(‘ tissue* is lx*st n'presri)tf*<l by the ligamentum nuchae of 
the ox. It is ehanM'terized by its high eontent of the albuminoid elastin. 
It also contuiiis coiisidcrnblc collagen and small amounts of the other suit- 
stance's fetunel in white* (iltrous tisseie*. Like* cetllage'ii, e*lastin is in-soluble* 
in wate*r anel is elige*st<*<l by the* [»n»te*olytic e*nzymes etf the dige?8tivc 
traeit. 

(’AUTii.AeiK. ('ai'tilngineius ti.s.sue is e*ompejse>d eif chondromucoid, 
chondroalbuminoid, tuiel collagen, ('hemelromucuiei is a cemjugateei 
prote*in e»f the* glyce)prote*in tyiie*. In e-omitositiem it resembles the 
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mucin of SHlivji. On part ini hydrolysis it is broken dowTi into protein 
luid chondroitin sulfuric acid. On complete hydrolysis chondroitin 
sulfuric acid yields two mohTules of glucuronic acid, two of galactose 
amine, two of acetic acid, and two of sulfuric acid. \arioiLs chon- 
dromucoids, w'hi<‘h differ from one another in the nature of the protein 
pn'sent, <'xist. 

(Chondroalbuminoid is similar to keratin and elastin. It is digested 
by pepsin. 
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Bone. Bone is composed of an organic matrix similar to (‘artilage 
in which large amounts of iniianal matiei- are d(^]M)sit(Hi. The organic 
matrix is coin]M)s<Hi of osseomucoid, osseoalbuminoid, and collagen. 
IkH*aus<' of the (*oilagen |)reM*nt, Imiih‘ sitvcs as a giKMi source of gt*latin. 
Soiiu Ixmes are h<lllo\^ anti contain nuiiTtJW which is rich in fat. The 
l)on(* marrow is one ot the* main tissues involvinl in l)lotMl-(*ell fonnation. 

1'he mineral inatltM* of tlrietl. fal-fn*(» iMiiie comprises about (iO jXT cent 
of its weight. The (Mjni]X)sition t)f the miiuTal matter in Imuu* may be 
repr(‘.sent(*d In tht* formula: H(’aa\P() 4 ).j • (‘aXo, where X 2 usuall.y 
('(>3 but nun 1 k' F 2 . b. t >. or (t )H (hi (ht‘ |M‘reeiiti»ge bjusis the ash 
t>f bone contains about S,”) |>t‘r cent of ( aa<P()|) 2 . 10 jhm* cent t)f 
and 1.’# per c(*nt of Mg*t(P<>i) 2 * ' 

Tht* tlt'posifion t»f (*alcium anti phosfihorus in bone is thought to 
involvt* tin* activity of the enzyme phosphatase. Tliis enzyme is known 
to Iw pr(*s(*iit in bout*, aiul it ir» thtmgbt that it iiy(lrolyzt*s organic phas- 
pliatt's, such as hexose phosphatt‘s, libt‘rating phnst>horie aciil. The 
phosi)hat(‘ ion then pr(‘eipitatt‘s its ( aall'OOj^ I>n>vitlt*tl <b‘»t the prttper 
concentrations of ('a*' and Pt>i art* prt*sent, and al.M» that the 7>H 
is fin taable. 

Calcification t>f bont* lias been studital in eonneadion with the dis(*asc* 
kiunvii as ri{*k(‘ts, wliieli is eliaratdt'riztal by a ptior (lt*pt)sitit)n t)f (aileiuin 
anti phosphorus. Factors w Inch infliit*net‘ calcifications are tin* amounts 
aiitl ration of calcium and phtisphoius in tht* di(‘t, anti vitamin 1) or 
sunlight. d1i(*sc to|)ics wdl be tliscusst*d nion* fully in Chapter XX on 
vitamins. It is also known that tht* parathyroid glaiitl has an im|)t)rtant 
influi*iict* on Ixmc ft)rniatit)n. 

ThKTJi. The ])t)ny structure of l<‘eth ctaisists of thret* parts, namely, 
enamel, cement, and dentine, dlirough tht* ct*ntt*r of taieh rotd of a 
t(K)th tht*n* is a narrt)\\ canal fillctl with pulp lissut*, (*nib(*d(lt‘d in which 
are tin* nervt* and })1 «mk 1 vessels. (See Fig. 2J^.) The enamt*!, cement, 
and dt'iitiiu* art* bony structures ctinsisting of an organic matrix in which 
mint'ral mattt*r is deposited. 

Enanit*! is the material \Nliich (*(>vei*s the expos(*(l surfact* of t(*eth It 
is lilt* hardt‘st substanct* in tht* IkmIv and contains al>out 0(» jK*r cent of 
mineral matter. The organic matrix (*onsis<s mainly c)f keratin and in 
this res|K‘ct res(*nibles (*pilhelial tissue. 

( Vrneiit is a material v(*ry similar to Ixmt* in composition, which forms 
a layer otivering tlu* roots of tht* te(*th. It contains about 70 |K*r cent of 
mineral matter. Tht* organic matrix consists larg(*ly of collagen and 
thus rest*mbles white* coiint'ctive tissue in eom])osition. 

The main Ixidy of a tooth is com|K)stMl of dentine. It contaias about 
77 per cent of inin«*ral matt<*r which has a higher magnesium content 
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than the* ash of enamel The oiganic matnx of dentine is similar to that 
of cement in that it is eomfXised mainly of collagen. 

Dented ( anen This is a tenn apniied to tooth decay In dental 
canes the rc is a lo^s of rnim ral matter fiom the teeth and an increase in 



1 10 23 lifuiKitudin il stdion of nn imivoi tooth 1 h( part A is shown at 
high rnaKnihr ttion in t 1 nun PhifsioliMfunl ( htnnshy b\ J I MfClendon and 
C .1 \ Pittibom (ourtos^ oi ( \ Mosb\ ( o 

organic matUM Muth woik has Insn done to determine the cause of 
dental cants hut lus ^el no satisfacton explanation of its etiology has 
betn made It is lik(*h that man\ factors aie involved in this con¬ 
dition Ihst infoimation at tin pnstnt time indicates that for sound 
teeth th< le must In an adeciuate supph of absorbable calcium and phos- 
phoius in the diet In luidition, the diet should furnish sufficient vita- 
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mins, especially vitamins C and D. It also appears that vitamin A 
may be a factor related to tooth decay. If vitamin A is inadequate in 
childhood, then' is said to l)e a gn'ater susceptibility to dental t'aries in 
later life. 

Lack of vitamin A ))rings alxnit changes in the pulp tissue of th(‘ teeth 
and also alters the mineral matter, <'S|H'cially by incn^asiiig the magnes¬ 
ium content of the ash. Vitamin C deficiency causi\s h('morrhage and 
degeneration of the pulp tissue and also im|K*rftrt calcification. In 
addition, the gums may bh'od and degenerate, resulting in a loosening of 
the teeth. Lack of vitamin D results in i>oor calcification. 

Another factor which appears to Ix' ivlated to di^iital caries is tlu* 
amoimt of fluorine in the diet. It has Ix^en noted that in certain n'gions 
of Arizona where there is much fluorine in th<' diinking watiT there is 
veiy little dental caries. In the eastern stales, \\hi‘re there is little fluo¬ 
rine in the water, (hmtal caries is eommem. Fluorini^ (oniributt's hard¬ 
ness to th(‘ te<»th and, along with hardness, apparently a resistance to 
decay. At the present time a city in N(*w York state is adding traces of 
fluorine to its drinking wjitcM* to t(\st tla* \ alu(‘ ol this ehsncnt in pi event¬ 
ing tooth decay. It will Im* interesting to see what the results of this 
experiment will be. 

It is commonly belie^'(‘d that eating candy causes tooth decay. The 
bad effeets of (‘andy are not due to the* sugar dinsdly, but rather to th(‘ 
fact that a person (‘ating much candy sati.sfit*s his apperite^ and as a 
re'sult does not eat suffiiient h)od containing the proper amounts of 
minerals and vitamins. 

It is commonly said that a clean tooth never- decays. A study has 
iH'en reixirted in whidi tw’o groups ol ehildien were compared lor the 
incidence of dental caries in relation to systematic cleaning of the twlli. 
The individuals of one group cleaned tlair t(‘(‘th daily; those ol the otlier 
group never cleaned their t(*eth. The amount of drrital caries was about 
the same in the two groups. The* American Indian did not use a t<x)th- 
brush, yet he is reputed to have luul excellirit teeth, "riius it w'ould 
appear that the use of the toothbrush is of more value from tlu* eslh(‘tic 
stand|K)int than from that of dental health. 

There are those who believe that tooth decay is due* primarily to the 
action of bacteria. Then* is little doubt but that tlu* ultimate* decay of 
teeth is due to bacteria, but whether the fundariurital cause is bact(*rial 
action is doubtful. It app(*ars that tlu* fundamental cause of dental 
caries is a deep-S('at(*d physiological di.sturbance, jM*rhaps r(*lated to di(‘t. 
If the diet lacks the pro|x*r vitamins and tlu* propc*r nuit(*riaLs for building 
teeth, tooth structure is impaired, a situation which makes possible the 
destruction of the teeth by bacterial action. If this theory is corn*et, it 
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sppcarH that the pmper cleunsinf; of wiJli tlu* ?-(’moval of dwaying 
food particles, should al leaxt delay the o!iM>t of dental caries. 
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BLOOD 

The blood htis Imm-ii cjillcd the* eirculatinj; tissue of tiu’ body. It is 
jMThaps diffi^*ult to tliink of blocwl as a tissiu*, but in view of the faet that 
in a cubie niilliiiK'ter of nonnal blood there are in (he neif^hborhood of 
r>,(KK),(MK) e(*lls, this designation s(‘ein.s not unreiusonable. Then^ is 
aUail t) quarts of l)|ood in a man of a\(‘raKt‘ siz(‘. Itru'lly, the fini^'tions 
of the blood are to eonvev foo<l materials to the lH)dy cells and to remove 
w.iste pnxluets from tiuan, to carry the* (»\y| 2 ;en us(‘d in tlu* oxidation of 
foods, to transport tlu' inti*rnal s(H*n‘tionsM\hi(*h control the activities 
of th(‘ body, to aid in the control of /dl, water (‘ontent, and t(‘mjM*ratun‘ 
of th(‘ tissui's, an<l to as^'i^t tlu‘ body's <l(‘h‘nse attains! disi j«e. 

Lymph. Th(‘ blood itsell dot's not ctum* into direct umtact uith the 
c(‘lls of tin* botly 'rij(‘ l»ody (*<*lls and also tin* blocxl V(‘ssels art* bathed 
in a litiuid called lymph. 'I'lie tran''ler of inal(‘rials to anti from the 
blood and body eelb take*'' plact* thn»u^li tht* lymph, which r(‘.sembles 
quite clt)S(‘!y the litiuid part ol tin* blood, callt*d tht* plasma. It ctmtains 
some \\h'.te l)lood t'orpuscles ealletl lymphocytes. It circulatt*s to some 
extent throuuh a sy*'tt*m (»1 Nt s'srls eallt‘<l tht* lymphatics. In its circuhir 
titm it ])asses through lymj)h ^lantl*' anti finally (*nters fht* l)lt)t)d stream 
near tht* junetitni of the juiz:tilar and tin* l(*ft subclavian vt*ins untler the 
l(*ft sln)ulder. As tht* bltxxl eirt‘ulatt*s tt> the tissues, lymph is s(*civtcd 
frt>in it, anti thus tht* eireulatitni t»f tlit* lymph is compIett*tl. 

Constitution of Blood. Hlt>fKi is math* u)) tif formed elements sus- 
pendetl in a litpiitl called plasma. The ftninetl t‘l(*mt*nls are the n*d 
blt)t)tl cells t)r erythrocytes, the whitt* bltHwl ct*lls t)r leucocytes, and the 
l)lt)t)tl platelets. If bh>t)tl to which an t)\alaft‘ Inis bt‘t*n add(‘d tt) prevent 
clt)tting is allt)W’etl tt> stantl. tin* ft>rmt*d t*lemt*nts .sotth* t>ut, lt*avinK the 
plasma, a straw-eohm'tl litiuitl, at tin* tt»p. Abt>uf fio [)t*r cent of the 
blotxl is j)Iasma. ami about IM) per cent t>f |»lasma is water. 'J'he 10 i)er 
ct*nt t)f solitls in plasma is largely prtdein in nat urt*. Tht* jmdein is coin- 
fx)S(‘d of albumin, several globulins, anti fibrinogen. AIk)uI 1 percent 
of plasma is math* up of mineral .salts ct)n'pt).sed of such elements an 
sodium, ix)tassiuin, calcium, phosphorus, anti chlorine. Th(*rcj are also 
pr(*st*nt amino acids, lipitls, gluctKst*, anti nitn)gt*nous waste products of 
metabolism, such as urea, uric acid, creatine, and creatinine. 
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Fomied Blements. Normal blocxl of men contains about 5,000,000 
red cells jK»r cubic millimeter. The normal value for women is somewhat 
Uiwer, usually iK^inR pvcn as 4,5(X),000. The n‘d cells contain no nuclei 
and are rlescrilK^cl as biconcave* discs. The red color of these cells is 
due to the* presence of a very iiiijMjrtant pigment called hemoglobin, 
which carri(*s oxyg(‘Ti from the lungs to the tissues. I'he red blood cells 
an* comiK)K*d of a protoplasmic tissue called the stroma, in w'hich the 
luunoglobin is held. Various n‘ag(‘nts, such as water, ether, and soap, 
when iwldcxl to bloofl cause disintegration of the red cells, the hemoglobin 
Inung lilM‘rat(*d, forming a clear solution. Blood in which the red cells 
arc destroyed is said to Im* hemolyzed or laked. rnh(*molyzed blood is 


opa<|U(*. 

The whit<‘ blood cells are prc*sent in nfirmal blood to the extent of 
ri0(K) to 10,000 JKT eiibic millimeter. There arc* several varieties of white 
cells, most of wliich are larger than red cells. All contain nuclei. One 
of the mam functions of white blood cells is to aid tin* body’s defense 
against disease. 

Blood platel(‘ts an* normally |)resent in blood to tlu* extent of alxuit 
350,000 per cubic milhmet(‘r. They an* rnudi smaller than red cells 
and are irr<‘gular in shap<*. 'rh<»y contain no nuclei and in a stained 
slhle usually apiM*ar in groups. Blood platelets are an important factor 

■- -. in blood clotting. Figure25 shows 

' , i i ^ ' the appearance of the formed ele- 

! li’iliiiili! fllilil'J i ^ ments of normal blood under the 

• * ’ ’ -t- -j.- , 

i i i . ! 4 p microscope. 

[ 1 ' 1 1 ' Blood Counting. Rkd ("ells. 

; j i I }jtj ^ p One of the most common tests m a 

I I I' r ' clinical laboratory is the determi- 

i i i t i f ! i I nation of the number of the various 

I 1 I t 111 j : elements present in blood. 

I ii !i i I The reiuson for this procedure is 

I i :i. f i ... iliii. ■ that there isawide fluctuation from 

. .f! , jl. ! j i normal in disease. In anemia red- 

I... Liiil ilalii i -^l 1 counts are low', and in many in- 

— - - feetioiis white-cell counts are high. 

Fii. 21 Improved Neiilmuer ruling The number of red bloo<l cells 
on :i hlood-countmg i*h!unlM»r. cubic iniHimeter of blood is de- 

termin<*<l liy an actual count uinler the high ]H)wer of a microscope. By 
means of an accurate pijx'tte a small volume of blocxi is measured and 
diluted 200 times w’ith a siM»eial diluting fluid. A uniform suspension of 
the cells is obtained by shaking, and a drop of the suspension is pla(*ed on 
a counting ehamlxn and covered with a cover slip. The rulings on the 
counting chamlx.'r cover an area of 9 sq. mm. (Sec Fig. 24.) The^entral 
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Fii. 21 Improved Neiilmuer ruling 
on :i hlood-eountmg (‘h:imlM*r. 
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square millimeter is ruled off into 400 small squares, which are used in 
making a red-cell count. The counting chamber has a depth of 0.1 mm. 
The number of cells in 80 small squaw's nmltipliwl by 10.000 gives the 
nuniU'r of red cells per cubic millimeter of the original bliMKl. 

White Cells. Hie white bloiMi cells or leucocytes are countc'd in 
much the same manner as the led cells. The diluting fluid is 1 .fi jicr cent 
acetic acid, which destroys the red cells and makes the white cells more 
easily seen. Becaase of the smaller numln'r the dilution is 1 20 instearl 
of 1 200, as for a re<l-cell count. The count is ma<le under the low power 
of the mici-oscopi', and an area of 1 sq. mm. is the unit countetl. The 
number of cells pt'r siiuare millimeter multiplie<t by 200 gil l's the number 
of cells jH'r cubic millimeter of the original bked. 



Fk;. 25. (Vlls 1(11111(1 III ii'innal IiUkkI: (1) crytlirocvt*'^. ( 2 ) t*i \ llnocylc* sur¬ 
rounded h}' hlood platelets, sni til Kriiplioevtcs, (1) Ijukc Iviiiplioevtes, (5) lar^e 
mononuclf'ar; ( 6 ) tran-sitioiial, (7) i>olyinoipht»mi(*lcars, (H) eosiriofdiiles - the 
stipplirifi; is rini, (\i) habopliiU's or mast eelN the stip[)liiif( is blue. 

The function of white blood cells in the body is to combat inh'dionn. 
When there is an acute* inf(‘ction in the Uidy, the* number of white blood 
cells usually increases. A leueoeyte eouni aids a physi(*ian in the diagno¬ 
sis of such diseases as appendicitis. In acute ap[K*ndicitis the* leucocyte 
count often reachc\s 15,(K)0 t() 20,(XK). 

Other diseases also affect the leucotyte count. C)ft(»n higher leucocyte 
counts arc encountered in pneumonia than in ap|x*ndicitis. High counts 
also accompany ear infections. In fact, many inf(*ctions an* accom¬ 
panied by high leucocyte counts. I’he disease* in which the leucocyte 
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count increaw^s to tho greatest fxtont is k‘uki‘niia, in which counts of 
200,000 to ri(K),(KK) arc found. An increase in the uundKT of leucocyt<^s 
in the bl(HKl is oft('n r(‘fern‘d to as leucocytosis. 

In addition to k^iicocytosis th(‘rc‘ are also conditions where* the leuco¬ 
cyte count is Ix'low normal. 'Phis (‘ondition is oit(‘n ref(*rr(*d to as leuco- 
penia. liCUCoiH'iiia often occurs alt<*r heavy doses of X-rays. 

Differential Count. The leucocytes an* not all of tlie same tyfK*. In 
normal blood it i> easy to distinguish seven different kinds of leucocytes. 
(Se(‘ Fij?. It is of threat diaf»nostie \alu(‘ to a piiysician to know not 

only the total lt*u<*ocyte count but also tin* |)ro|>ortion of tin* various types 
(»f leuc<»<*ytes ])resent. 'Po d(‘leriiiine the ty|M*s of leueocyt(*s in lilood a 
differential count is made. This proe<‘<Iun‘ involves sf)r(‘adinj!; a drop of 
blood in a thin him on a microseo|M‘ slide. This film is then stained with 
Wright’s stain, which contains eosin, a rrd dy(‘, and m(‘thyl(‘ne blue*, a 
blue* one*. The* staineel slide* is the*!! e‘\ainine*d un<Ie‘r tlie niicrosceipe, 
using the* oil'imme‘rsi<»n obje'ctive*. During this e'xaminaliein eve‘ry le‘ue*e> 
e\vte IS e*e)unte*el and classitieMl. arnl alte*r se‘\e‘ral hunelre*d erlls have* be-en 
counte*el the* )K*re<*nta‘.j’e* of e*aeli ty|M* pre‘se*nt is el(‘te*rniin(*d. 'Phe* feillow- 
ing list name's the* vanoie type's eif le*ue*oeyte*s anel give*s the* p(‘re*e‘ntage‘ ol 
ca(‘h feiunel in normal blood. 
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'^I'lie* l(*ueo<*y(es are large*!' than the* e*rvthn>ey|(''Sj mikI all have* nuele'i. 
The* peilyniorphonue*le‘ais are e*asily distinguisla'el bee*aus(* tlie* nucle'us 
is very irre*gular in sha|)e*. Thv lymphe)e*vte*s ha\e* a ve'iy large remnd 
nuch'us which almost tills tlie* ce*ll and stains elaik blue*. The* small anel 
large lympheK*yte*s ditTcr only in the*ir size*. "Phe large monoiiue*l(*ars an* 
larger than the* large* lymphocyte's anel slain a lighte'i* blue*. Transitionals 
are characterize*!! by a kielne'y-shajH'd nue leus. lM)siin»phile*s have* somt*- 
wlmt the ap!H*arance' of i)o]ymmphi»nue*li*ars l)ut are* stipple*d a doe'p re*d. 
In othe*r words, the*y take the <*osiii eif the* Wright’s stain. Hasophiles 
are somewhat similar to e*e»siiiophilc''., c\ee*pt that tlu*y are* stipple*ei a 
dwp blue. 

In di.s(*ase the pro|>ortie)n eif the* varieuis type's of le*ue*e)cyte*s varies 
fixini the normal, and also eith(*r ty]M's of leucoeyt(*s appe*ar. In apiK‘ndi' 



IlLMOGLOBIN 


citis the pi^reentagt^ of {K>lyinor|)honaclears may W from 80 to 90 or even 
higher. A high leucoeyte count, together with 85 to 90 pt'r cent of 
IKilymorphonucleai’s, imliciites an immediate oiKTation in a case of 
api>endicitis. In lymphatic leukemia tlu* large increase* in leucoc 3 ’tt*s is 
due to an inciviu^e in the iiuiiiIm r (»1 lymphocyte's, 'rhus the iMilymor- 
phonuclear count is ve'iy l(»^^, and the lymphocyte' count proixirtionately 
higli. In inti'ctious immonucle'osis the jH'rce'ntage' of large* mononuclears 
incH'ase's. lnte*stimtl i)arajsili*s e>fte*n cau>e an incrc*ase‘ in the |H*rccntage 
of e'osinoph lie's. 

Blood Platelets. In making a plate le*t e‘e)unt a staine'el pre'i)aratie>n is 
use*el. Ke*d c(*lls and ])iale*lt*ts an- counte'd, anel the*ir le'lative* nundx'rs 
are el('le*rmiiu*el. If the re*d-<*ell e*ount is known, it is the'n easy tei e*sti- 
mafe the plate*le*t count. Hie* hloenl plate*le‘.s, as will lx* ])e)in1e‘<l out 
late*r, arc important in the* e*lotling of hlooei. l'late*le*t e‘oiints iire* high in 
Hoelgkin’s elise*iis(* and low* in purpura hemorrhagica, a eiise'ase' in w'hich 
there* is l)le*e‘eling from the mue*e»us me‘mbiane*s anel unde*r the skin, with 
the feirmation of hlack-and-hliie spots. 

Hemoglobin, liehire* leaving the .siihjeel of the feirmeel (‘l(*me‘nts e)f 
hloeiel, it is nee(*ssary tei consider h(‘moglnl)in the* j>igme*nt whie*h gives 
the re*el hloeiel e*ells th(*ir eoloi. 1 Ie*nie»gl<il)iii is important he'cause' it acts 
as a carrier of ox\gen from tlie* lungs to the* 1issu(‘.s. It is a ceinjugatc'd 
j)re)te‘in maeic u]) of heme, the* re*d pignu'iit, anel globin, a ])re)te*in. It is 
inte*re‘sling to note' that lu'ine* is ve*ry e*lose*ly re‘lat<*d tei e*lile>re)phyll, the 
bluish gr(‘e*n ])igme*nt in plants, '^rhe* main dirf(‘n*nce* is that heme* ceui- 
tains ireui, whe*re‘as e‘hlore)])hN 11 e*ontain.^ magnesium. Jioth heme and 
e*hle>ropliyll are* maele* up of nit rogen-eeintaiiiing rings eaIle*el* pyrrol rings. 
Tlie* jwrreil e*e)mple*\ wliieh is the me>the*r substane*e* e>f h(‘me* is protopor¬ 
phyrin, w*hieh has the* following toriniila: 
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J'roloporphMiri 


Home* diffei*s fremi preitopenjiliyrin in that it eontain.s an atom of iron, 
to which an Oil group is attache*d. 

It will he* note'el that tlie'ie* arc two carboxyl groujis in he*ine, and that 
the iron is ferrous. In he*moglobin the globin, which is a ba.sic protein, 
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18 in a fialtlikc union with one* of the caifKjx>l gioups If the other 
carbox>l group is free, the iKtnogiohin is called acid hemoglobin, if it is 
prPBcnt ah the potaHsiuru salt, it is c alh d alkali hemoglobm. 
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In (dtain animals such is ciilis md mollusc^ i juotcm-iugmcnt 
coinplc X (ontaiiiiiig c <)])pc i is found in t he blood 1 his ])igni( nt is c ill( d 
hemocyanm and is 1 Im M im sc h is 1 h c n shown to lx tin me t U in 
the re spir itot> pignu nt of th( tiojui il nuissi 1 whiihinthc oxidize d foiin 
IS brown 

Oxyhemoglobm Hemoglobin wineh his not Ixen exposid le> ni is 
puiple ineoloi Wlie n e xpose d to iii it t ike s uj) iiuoleeule ofowgen 
forming o\\lie moglobin wlueh is m ulet in eoloi I his (hinge c in be 
]C*adil\ olise r\(el in i me it miiket Wleniieshb cut me it is puiple em 
aecount of the ledueed fotm of he mogle bin msid( the tissue A few 
minute s afte I cutting tlie me t t ike s on i se ukt eoloi due to eixiei ition 
b\ the ail If he meiglofxn le pie se nte d b\ the toimuli Ilb oxyhemo¬ 
globin will Imim the foimulillbo ()x\ he mogiol)in IS ii ithe i unstable 
com|H)uneI iiid le idily gues up its owp n to the ii'^sue*- foiming lie mo- 
globin again 1 his is wh it h ippens i the blood cue ukites thiough tlie 
body 

The non in owlie moglobin is h nous I he feumul i foi the jiot issium 
salt of oxy he moglobin III i\ be lepiesenteel is follows 
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Ot\ hi'nioglobiii potamiuni salt 
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It will bp notcnl that a niolooule of wator is addcKl, along with the mole¬ 
cule of oxygen, to t he iron. The formula shows potassium in pla(*e of the 
hydrogi^n of onc' the carlMixyl grou]>s ami glohin in salt formation with 
ihe othei carl)oxyl group. 

Methemoglobin. A nion' stable eomiK)un(l of hemoglobin with oxy- 
g(»n is iiK'tluMUoglohin, which is ivpn‘stmted by the formula HM), 
M('th(miogl<#l)in may be made from oxyhenH>glohin by tn^atnient with 
fxitassium ferri(*yani<le. It is brown in eolor, and iis formation luroimts 
for m(*at turning brown und('r eeiiain conditions. Besidc‘s differing from 
licmogloiiin in its oxygen eontenf, methemoglobin has its iron in the 
ferric sfaft*. 

TIh* iron-por])hyrin complex in mcth(‘moglobin is calhnJ hematin and 
has the following formula: 
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Carboxyhemoglobin. II oxy hemoglobin is tn'ated with carbon mon¬ 
oxide, the carbon monoxide will replace (h<* oxygc’ii, forming carboxy¬ 
hemoglobin, whieli is bluish red in color and is much more stalde than 
oxyhemoglobin. In carlxui monoxide ]M)isoning the h(>moglobin of the 
blood combines with the carbon monoxide and thus is no longt'r able to 
carry oxygf*n for resj)iriition j)urp<»s(\s. ('arbon imuioxidc* is an (‘xin^mely 
dangerous sul)stance because it has no odor and tluTc are no symptoms 
to warn of th(* imi)ending danger. Extn^mely small traces of carixm 
monoxide in tlie air gradually aecunuilate in the Idood and finally eause 
death without warning. 

Hemin. If l)lood is treatcMl with scHlium (‘hloride and acetic acid and 
hcat(*(l g<‘ntly, brown crystals of hemin an' foniH'd. In this rea<*fion 
globin is remov(‘d from Iienn*, and the iron is oxidized to the ferric state. 
Ih'inin is the hydrochloride of ferric Ik'Iih*. Mlie formula for hemin is 
the same as that for hematin, excf‘pt that the Oil aftacluxl to iron is 
replaced by chlorine. 

Hemochromogen. If hemoglobin is tr(*ated with alkali in the pix'W'nco 
of a reducing ag('nt, th(‘ rc'sult is a pink pigment call(‘d hemochromogen, 
which differs from hemoglobin in that the globin is denatured. Many 
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(synthetic hemorhromogcns have lx*en prepared by combining heme with 
vanous nitrogenous compounds sucli as nicotine*, ammonia, pyridine, or 
albumin. A he^niochromogen may tlw*rofore d(*fined as a combination 
of heme and some* nitrogenous substance. 

Tests for Blood. It often lx*(*orm*s nec'cssary to test for blood in bio¬ 
logical inate^riuls. '^rhe j)r(\sencc» of blcMnl in the urine, stoma<’h contents, 
or fences isof great diagnost ic importance. In niedico-legal work it isoft(‘n 
inij^Kirtant to det<*nnine not only the prestmcc* of LUmkI but also the kind. 

Sini])ly to t<‘st for the pr(*sc‘nc(‘ of hlcKxl is not diffieult. Ited blocKl 
cells ran he reiwlily identified und(‘r a niicroseojM*. Also a solution of 
blocxl can hi* easily dt‘teeted hy siMS'troseopie e.xamination. (’hemieally 
the simplest pioe(‘dun* is to use th(* guaiac or benzidine test. In th(*.se 
tests tin* sample eontainiiig hloinl is 1n‘ated with a solution of guaiae or 
bemzidine in glai'ial acetic aeid. If blooil is pri‘S(*nt, a ])lu(* color develops 
upon th(‘ addition of hydrogen |KM*oxid(‘. 'fhesi* t(‘.sts are sometimes 
objeeteil to in m<*<li<‘o legal wiirk on tin* grounds that oth(‘r substances, 
such as milk, saliva, and i)laiit juic(‘s, give the* t(‘st. It will be recalled 
that tlu* enzyme catalase gives these te.sts. It has Ixsm found that heat¬ 
ing the sample for a few s<*eonds Ix'fore the tc‘st is madi* d(‘s1rovs the cata¬ 
lase* hut does not interfi'n* witli the t(*si for l>lood. 

The Ix'st chemical test for blood is the hemin crystal test. In this test 
the sami»l<' is placed on a miero.seope slide and Incited with a physiologi¬ 
cal soiliuin ehloridi* solution and glacial a<H*1ie acid. On cooling, charac¬ 
teristic brown crystals an* fornu'd if hlooel is present. This lest gives no 
indication of the kind of blood. 

To determine tlu* kind of blood ])n*sent in a blood stain, the precipitin 
and complement fixation tests an* us<*d. In the ineeipitiri t(*st the sam¬ 
ple is dissolved in physiological salt solution and tr(*ated with a sp(*(*ific 
antiserum. To pn‘pan* human antiserum a rabbit is injected with 
rcpM'ated doses of human blood s<»nim. In time the rabbit’s blood serum 
develops the pow(‘r of forming a precipitate with a vc*ry dilute solution of 
human 1 )I(hk 1 hut with no other blood. <)th(‘r antisc*ra may In* j>repared 
similarly hy injecting rabbits with the hlocnl s(*nnn of other animals. 

To test for human blood a 1 KMH) dilution of the sample is placed in a 
small test (uIk*, and a h*w drojxs of human antiserum are a(ld<*d. If the 
sample (*ontains human bkxKi, a precipitate* ap|H*ars on standing in an 
incubator. 

It should lx* |M)intcil out that the pi*eeipitin tost is a test for sp(*cific 
blood s(*riim protein and not neee*ssarily for whole blood. In medico¬ 
legal work it Is customary first to prove the pn'senee of blood by the 
hemin crystal or some other test. The precipitin test then proves the 
origin of the blood. 
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Bile Pigments. It will be recallcKl tliat in Chapter X on intestinal 
digestion the relationship of bile ])ignients to hemoglobin was discussed. 
It will l)e wt»ll at this time to consider iigain thest* rc^iationships, now that 
we have a Ix^tter imdcTstanding of the cheinistrv of la^moglobin. RckI 
c(‘lls are constantly lieinn dt'stroyed in the body; their hemogl(»bin is 
deromi)oh(Hb finally yit‘ldiiig protoporphyrin, >\hich is changed into a 
pigment called bilirubin. This is c*xcrcted by the livtT in the bile, 
liilirubin on oxidation cliiinges to a gn*en pigna'iit called biliverdin, 
which gives tlic gr(*(‘nish color to the* bile. On n‘duction, caused by 
bacteria in tlie int<'stincs, bilirubin is conv(‘rtt‘d into a brown ])igment 
called stercobilin, which is rt*spt»nsil>l(‘ for the* color of the feces. Bili¬ 
rubin may also Ix' reduc(‘(l to urol)ilin, which on furth(‘r nxhiction gives 
iirohirmogeii. Trohilinaiul urcjhilinogtaiareabsorlxxl into!lieblexx! and, 
together with a peptide, form unx'hromc, llu'main pigment of the urine. 

In jaundice bile pigments accumulate in the blixxl, lither because of 
too rajiiil destruction of nxi (‘clls, because of an obsIriKMion in the bile 
duct, or b(*ciius(' of imfiairnc'nt of (he (‘xcrc'tory function of the liver 
such as may (x'cur in chloroform poisoning. At one tim<‘ it wjis tliought 
that bile pigment was formed only in th(' liver. 11 is now' lH‘lieved that it 
may be formed in other tissues also, especially tliose of the sphvn, lx)ne 
marrow, and lymph glands. 

Although the main source of bile jiignumt {ipp(*ars to Ix' the hemo¬ 
globin of disintegra1<‘d nxl l»l<uxl cells, it is thouglit that it may also arise 
from the hemoglobin whicli found in miiscl(» tissm^. H h-is lx‘en 
sugg('ste<l that some of the bile iiigment may lx* deprived from foods such 
as meat and green vegetaliles. 11 this tluxiry is true, it would com(‘ from 
<*hl()rophyll. 

Studies of the cheinieal structure of bilirubin indicate that it differs 
from ])n)loporphyrin by having the* ring of pyrrol nuch'i biokt^n in one 
position. The following formula has been snggt'stcxl for bilirubin; 
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The relationships existing among the pignumts may lie suinmarizc'd 
as shown on p. 270. 
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Hemoglobin . - w Hcmochromogen 

(Ferroas heme + G lobln) / (Ferrous heme+ 

dcDaturcfl irlobin 
or some other 


II 


or some other 
nitnwenous compottod) 


Methcmofflobin.2lIl2!2l!ll Oxyhoniofflobin Carboxyhenjoglobin 

(Ferric lieme + Olobln +0) (Ferrous heme + 02+01oblu^^^ (Ferrous heme + CO + Olobin) 
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Determination of Hemoglobin. 'Fbo .nmouiil of lu^inttgloliin in lilood 
timy lx* di^tenuiiu'd by tlu* Newcomer method, in which a known volume 
of lilootl is dilutcii wiUi a known voImncofO.l N IK ’l. "FIk' iicinogiobin 
rhang(\s to aciil hcinatin, whic h i.> brown in color, tin* intc'iisily of the 
brown color luMiig projxutional to the amount of hemoglobin pnvscnt. 
By comparing the* color producc-d with a standmd color in a colorimeter, 
the amount of licMnoglobm in tla* caiginal blood may Ix^ (‘alculatt^d. 
According to Haldane, normal blood con!ain> bkS grams of hemoglobin 
jK?r lOl) cc. It is customary to rt'iM>rt hcmoglobm value's as ix'iccmtagcs 
of normal, 'rhus, if a |x'rson h:us U.P grams of hcmogloliin pc'r 1(M) cc. of 
blood, b<» has 50 |H'r cent normal hemoglohin. Since* th(‘ various authori¬ 
ties do not agree* on the perct*ntage of hcme»glol)in in normal blood, it 
>vould lx* well if laboraton(*s re‘porte*d ae*tual hi'inoglohin value's rathe'r 
than perce'utage of neirmal valuc*s. If this we're* deaie*, valu(*s ohtain(*el*in 
tlilTeivut lalx>rate»rie*s weiulel lx* eom]>arahle*. Sahli lx‘lie*ve*s that normal 
blexx! cemtains 17.2 grains eif he»ine)gle)l)in |X‘r UK) cc. 11ms, if Sahli’s 
inetheHl is u.se*el feir dete*rmining he'inoglohin, a sample cemtaining 0.0 
grams eif hennogleibin ix*r 100 ec. will lx* 10.1 ix*r rent normal. It is 
appan'nt, then, that Sahli’s met lux! give's ri'sults alxnit 20 jxir cent lower 
than the iiH'thexl eif Haldane, 

In the autheir’s lalxirateiry a study of the normal values for hemoglobin 
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reveah^d that for 1(X) hoiUthy ct>l!opi* men the average grains of hemo- 
globin pc*r 1(X) oo. of blood \v:is Il.tH); for 84 healthy women, it was 13.16. 
Th(*s<‘ figures mean that, taking HaUlaneV value of 13.8 as nonnal, men 
.should have alx)ut 110 tx'r cent and women about tX) |H»r eent normal 
hemoglobin valu(*s. 

Th(‘S(‘ an* the grams of hemogl<d)in |H'r 100 ec. of normal blood, 
according to the vari(»us workei-s in this field: 
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Anemia. Ued-ec*!! counls and hc*mogU>bin det(‘rminations are of gi*eat 
value to a physic ian in diagnosing an(*mia. Anemia i*-’ a condition in 
which the numlx*!* of r(*<l cc'lls or tlu* pt‘n»(‘ntag(* of hemoglobin or Ixith 
an* Ix'low normal. If the* percentage* c»f hc*moglobin is reduc(*d mon* 
than the* cell count, the blood has a light(*r color than the red-cell count 
would indicate*. Suc-li an an<*mia is call(*d a chlorotic anemia. The 
t(*rm chlc'rotie is dc'rived from a condition in plants c*all(*d chlorosis, in 
wliieh tlu* lc*aves arc* liglit eolorc*d lM*c*ausc» of a lack of chlorophyll. In 
chlorotic* anc'iiiia tlie c*olor index is low. By color index is meant the 
p(*rec‘nlag(* of normal hc‘mogl(»bin divided by the* j)c*rc(*ntjig(* of norma) 
red (*(*lls, ),!)()(I red c*c*lls per cubic millimeter b(*ing considered normal. 

Normally the* color indc*x should be 1. In chlorot ic* an(*mia the per cent 
normal hemoglobin may be* (K) and the hmI-cc*!! c*ount 4,(K)(),fK)0, or 80 
per cent of normal. The* color ind(*x will then be 

Per c*c*nt normal Ilb (>() 

Per cent normal rod cells 80 

('hlorotic anemias indicate trouble* with hc*moglol)in synthesis rather 
than with rc‘d-eell formation. In scunc* ty|H*s of anemia the* color index 
is high, indicating a lac*k c»f ability to produce* r(*d cells rathc*r than an 
inability to .synthesize hc*nioglobin. An(*nuas may Ik* divid<*d into 
two cla.ss(*s, nam(*ly, primary or pernicious anemia and secondary 
anemia. 

Primary Ankmia. A primary anemia, usually spoken of as per¬ 
nicious anemia, i.s an anemia in which the* a(*tivity of tlie bUxid-buiid- 
ing tissue has Ix*en d(‘cr(*ased. Bed bloexi cells, and also the white, 
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originate in the n‘tieul(>-<»ndotheHal systt^m lining the blood vessels of the 
liver, Hph'^^n, an<l bone marrow. 'J'he average* life* of a red blood cell is 
4 months. Normally red cell.^ an* being d(*stroyc*d as fast as they are 
Ijoing formed. If n‘d (*<‘lls an* ru»t lK*ing produced as fast as they are 
Ixiing dc*stroyed, an aneinie condition results. In pernicious anemia 
lx)th the red-c(*ll count and the p(‘rcentag(* ol hc'moglobin arc reduced. 
lh>w(‘ver, the percentage of h(‘inoglol)in is higlu'r than would be ex]K*eted 

fn m th(‘ eount. In other words, 
1 lK‘re is a high eolor index. ('ounts 
< 1 less than 1,()()1),()IU) red blcKwi cells 
per ruble niillinicler have l)ecn 
found in s(‘vcrc pernicious anemia. 
An (‘ally symptom of this dis(*as(* is 
a l<*Tn on-yellow coinfilexion, caust'd 
l)\ th(‘ pigment aii^ing from the 
destruction of red cells. In the lal)- 
oiat(»ry ])(‘rnicii)us anemia can bi* 
distini*uisht‘d from S(‘condary ane¬ 
mia by 1h(* inicMisropic ap])caranc(‘ 
of lh(* n‘d bleod cells. (See Fig. 
2().) In pernicious ani'iiiia they 
an* abnormal in shapi*; some of 
them an- much larger than normal, 
and otheis may liave an irregular 
loun. Other conditions which ac¬ 
company iK'rniciou.*^ aiuMiiia an* a lark ol hvdrorhlorir arid in the gastric 
juice and tlie appearance of a \(‘rv red tongue*. 

Vntil rather rer(*ii(ly penurious aii(*mia was ronsidered a fatal disease. 
Now it is known that tin* inabilit \ of the )»om' marrow' to make ivd cells is 
due to a lark of soiiu* stimulatory .substaii(‘e. This stimulatory .sub¬ 
stance is found III In'er. .Minot and .Murphy have* .shown that pernicious 
anemia can be controlled by eating large (luaiitities of liver or by taking a 
specially prepan*d li\er (*\(rart, Mon* nM*entIy it has lK*en .sliowm that 
an extiart of stomach tissue will stimulate blood imKluction. A combi¬ 
nation of liver and stomacli extract s(M*ms to be more efficient than either 
e.xtract alom*. From tlie fact that h\drochloric arid is lacking in the 
gastric juic(* of patii*nts suth'nng from iH‘inicious anemia it ap|)ears prob¬ 
able that a gastric di.sturbanet* i*^ an important factor in the etiology of 
this dis4*ase. 

l{ee<»ntly ('a.stle luus report(*d that |K*niieious-anemia patients show 
improvement when fed U'i‘f muscle which has l)een digested with the 
gastric juice of a normal jH’rson at a /dl of 5 to 7. Neither normal gastric 
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juice nor beef muscle digested with pure pepsin or gastric juice from per¬ 
nicious-anemia patients prt»duc<Kl any effect \vh(»n hnl. From this fact 
he concluded Uiaf two factors went* neci^ssary to stimulate hliKKi produc¬ 
tion. The oni* pn*sent in muscl(‘ he calk'd the extrinsic factofi and 
the oth(‘i\ pres(‘ni in normal giistric juice, he called the* intrinsic factor. 
i)f the nature of these two factors little is known. There is some evi¬ 
dence to indicate that the intrinsi<‘ fac'tor may 1 h' a proteolytic enzyme 
other than jH'psin or trypsin. 

Latest work on the treatment of pernieious anemia indicates that 
factors other than those which have bmi mentioned are effective in the 
treatment of this dise:c^e. .Moore, Hierhaum. Wt'lch and Wright and 
Spies have found that synthetic folic acid, oiu' of the vitamins of the 
H-complex, is elTective in the treatment of pernicious ant'mia Since 
fr('C folic acid is not pn'sent in all liver extract.s, it apparently is not 
identical with the liver factor. The suggc'stion luus been made that folic 
acid may stimulate tlie pnKluction of the anti-pernicious anemia lactor 
by body tissue.s. 

Another anti-pernicious anemia factor announced by Spii's wjus iso¬ 
lated from the tliymus gland and has iK'on calk'd thymine. This should 
not be confused wilh the vitamin thiamine. Although thymine will 
stimulate red cell production, it is much less potemt in this respect 
than syntlietic folic iicid. 

SKCO.vrAUY Am.mia, Many timi's anemia develops as a result of 
some other disturbauc<' in the body; aiul, if the cause is remov(*d, the 
anemia disajipears. Such an anemia is (*:illed a sf'condary anemia. For 
('xanipk', if a pt'rson has a svwiv hemorriiage, he will lx* k‘ft in an anemic 
condition, ('ancer and various 1y]K*s of infection may lx* accompanied 
by a st'coridaiy am'mia. lnt(\stinal parasite's like* tape'worms and hook¬ 
worms produce anc'ii.ia. 

In the consieleration eif milk iis a food it was point(*d (ait that milk 
was (k'ficie'iit in that it is low' in irem. Infants kei)t too long on a diet of 
milk alone Ix'ceaue anemic. A cominrn method of produeing anemia in 
rats is to fe'c'd them for a long ix'riod of time on a milk dic't. An(*mia 
resulting from lark of iron in the diet is calk'd nutritional anemia. Such 
anemias re'spond realily to treatment with iron salts. Since the iron 
in hemoglobin is f(*rrous, ferrous salts are administered. 

In order to utilize* iron in the .synthe'sis of hemoglobin, it has Ixicn found 
that small amounts of eeippe'r must l)e present. Apparently copper acts 
as a catalyst in the .synthe'sis of hemoglobin. 

Blood Plasma. W^hat has Ix^e'n .said up to this point has dealt chiefly 
with the formed elemc'nts in the blocxl. We have now to consider the 
blood plasma. Of chief interest in this connection are* the plasma pro- 
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teiiiB, the most important of which are albumin, various globalina, and 
flbrinogen. These Cf)n«titiite about 7 per cent of the blood plasma. Of 
these pn)teinfl 58 ptr cent is albumin, 38 per cent globulins, and 4 per 
cent fibrinogen. 

Albumin and Globulin. I'ho chief functions of the proteins in the 
blocKi are to incn'ase its viscosity and its osmotic* pre*s«ure. The osmotic 
pressure of IjIckkI plasma is normally 7.20 atmosf)hcrcs, of which 7.23 
atmospheres are due to crystalloidal sulxstaric(\s and 0.037 atmo.sphere 
to proteins, 'fliis slight osmotic j>n\ssure due to proteins at first sight 
appf*ars to Ik* insignificant, but in r(»ality it is very important in maintain¬ 
ing the* pro|M*r amount of water in the blood. WTien^as the crystalloidal 
materials dilTusc* readily through the walls of the blood vessels, the pro¬ 
teins do not. Then'fon* t he jmiteins produce a slight, though important, 
positive balance* of osmotic pre^ssun* within the blood vessels. The fart 
that th(‘ blood proteins are hydrophilic colloids also eontri))utes to their 
watc'r-holding capac it;*,. 

Although all the blood proteins aid in the wat(*r-lK)lding capacity of 
the lilood, albumin is e.s|M‘cially imf)ortant in this conmrtion for two 
reasons: first, lM*caiise it is pres(»nt in the high(\st (*()n(*entration of any 
of the blocHl pr<)t<*ins; and, second, IxTausc* albumin luis the lowest 
molecular weight of any of flu* blood f)roteins and therefore has the 
gr«»atest (wmotic (‘Ih'ct ixt unit of weight. 

During World War II large' (fuantitic's of blood ])l:usma were used in 
military* merlicine in tlu* i n'at nu'nt of burns and in coml)ating shock. In 
severe bur-ns <le:ith may r-esiilt from the loss of blood [)rot(*iris. Hi'plac- 
ing the proteins by the intia\en«)us injeetieui of blood plasma may save 
life. The* pui*pos(» of bloeul plasma in shoek i.> Iar*g(‘ly to ii\stort' or main¬ 
tain the blocxl volume and thus ker'p up mrrnial e ire illation. Since tho.s(‘ 
elTf'cts aiv diH* mainly to IIh‘ all>umin presr'iit in th(» phusina, lx?tter rc'sults 
may U' obtained by u>ing solutions e»f hlnod albumin. At the pn'sent 
time blood plasma is divided into s(*v('ral protein fractions, each of which 
has its own s|H*cial vahu*. 

Another use erf pliusina prote'ins is in a disease known as nephrosis, in 
which large amounts of albumin an* e'xen'led in the urine, with the result 
that th(' amount in tlu* blewHl frhusma is greatly nxluced. In this con¬ 
dition water leaves the* blood and ente'rs the tiasues, causing a swelling 
known as edema. Since in ne'phrosis there is no failure of the kidney to 
excrete nitrogenous wastes, it is |K>ssible to prevent edema in tliis con¬ 
dition by feeding a high-prot(*in diet. 'Fliis diet eompc'Dsatcs for the loas 
of protein in thr* urine and tends to return the blood-plasma proteins to 
tht‘ir normal levc'l. AMien the bUK^d-plasma pnrteins arc less than 
5 grams per 100 cc., edema results. 
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Several globulins have been isolated fK«n blood plasma. The ones 
which are most generally recognised are euglobulin and a-, and 

7 -fi^lobulin. 

The euglobulins are the true globulins in that they have the charac¬ 
teristic solubilities of a globulin. They art‘ soluble in dilute salt solution 
and are precipitatcni by one-third saturation of their solution with 
amnioniuin sulfate. The euglobulins apjx'ar either to lx* the isoagglu- 
tins which cause the agglutination of n*d blocxl c(*lls during bkxxl typ¬ 
ing or to lx* associated with them. By .separating the euglobulin from 
blood plasma it has lx‘(*n iKissihle to olitain a solution which is thirty 
times more ixitent for um‘ in blood typing than tlu* original bhxxi w'rum. 

The a- and p-globulins are rich in lipids. It is thought that they are 
as.soriated with the solution and transport of lipids in the blood. Of the 
proteins in blocxl plasma 14 pc'r cent aix^ a-glol)uliri« and 13 per cent 
/j-globulin. 

The fraction of blood plitsma is closely associated with 

defense* against dis(*as(*. Wh(*n an individual contract* m disease^ he 
usually bc*comes immune to furth(*r attacks of tlu* same dis(*a 8 (*. This 
immunity apix»ars to lx* carried in the y-globulin fraction of the blood 
proteins. Certain disi‘as(‘s, such as m(‘as!<»s, may lx* pr(*vent<Hl or their 
K*verity less(‘ned by injecting a child with 1)1o(k1 s(‘rum from a jx'rson 
who has recovered from the dis<*ase Here* again they-glolmlin fraction 
of the s(*rum is miieh more pott*nt than the whole* Hi*rum. ThirteH*n jx'r 
cent e)f the [ilasma proteins are* 7 -globulin. 

Blood Clotting. When blood is elrawn fnmi a blooel v(*asel and is 
placed in a test tulx*, it loses its fluielity in abe)ut 3 minut(*s. It is said 
to clot. If e*lotte*(l blood is alle)we(l to stanei for some time*, the clot 
eeintraets, and a straw-colon*d liejuid eall(*d serum is s(jue*e*zcd out. 
Blood may be pre»ve*nte*d from clotting by lulding an oxalate* or a e*itrato 
to it. Oxalates and eitrat(*s pre*ve*nt clotting by e*ombining with the 
calcium iem pn*se*nt in the* bleKxI, which is (*sse*ntia] for the* formation of 
the clot. If oxalate'd bleKjd is allowed to stand, the c(»lls H(*ttle* out, 
leaving on the surface a eli*ar, st raw-ce)lon*d liquid which apix*ars much 
like bloexi serum, but is bloexi plasma. Plasma and se*rum art* terms 
eiften ce 3 nfuse*d. Serum differs fremi plasma in that it contains no 
fibrinogen. WTien bloexi eleits, tht^prott*in fibrine)gt*n is changed to an 
insoluble form calle*d fibrin. 

Several theories have be*e*n advaneixl to e*xplain the clotting eif blexxi. 

A widely accepted one lias bi*cn ad vance*d by llowe‘11. ('lotting is due to 
the action of an enzyme, thrombin, which converts the soluble? fibrinogen 
of the bloexi into insoluble fibrin. The reason blexx! dexis not clot in the 
veins is that thrombin deies not e^st in an active form in unlct bloexi, 
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but in prcwint as a proenzyme ealli^cl prothrombin. Prothrombin is pre¬ 
vented from changing; to thrombin by a constituent of the blood called 
heparin) which is (combined with prothrombin in unlct blood. When 
bioexi is let, thromboplastin, a conjiiKatcsl prot(jin containing cephalin, is 
liljeratc<l from <iisintegrafing blood platelets or injured tissue cells. 
Thromlx»plastin then unit<‘S with hepariii, lilxTating prothrombin, which 
riwts with calcium, forming thrombin. Thrombin tlnn acts on fibrino- 
g<*n to form fibrin, which is the clot. What has bei^n said may be repre¬ 
sented diagiammatieally thus: 

Pr( )t h n nil bin-be‘pari n c< implex 

I 

^ThroiiibopluHtin from pliite’ets 

Prothrombin -f Heparin-thromboplastin complex 
Thrombin -f- Fibrinogen ~ Filiriii 

It will Im' noted that <*alcium I^ iKS'cssary for lilood to clot. The usual 
method for pr<*veriting drawn blood from clotting is to add something 
which r<*moves tlu* calcium ion. An o.xalate is tlu* most (‘ommon agent. 
This precipitates the <‘al<*iuin eah‘iuni oxalate. In blood transfusions 
a citrate is used, since an oxalate i.s }K)isonous. Citrates do not precipi¬ 
tate* the ealeinm; tlu‘y nu'icly <lepr<*ss its ionization. Since it is the cal¬ 
cium ion wlhe'li is essential for lilood chitting, citrates serve* the same pur- 
peise ius oxalate's, 

He*eently a lU'W vitamin luis lK*(*n discose*r('d w’hie*h apix*ars tei Iw* 
nece*ssary in the* diet in onler that blooel may clot normally; it has b(*(*n 
el(*signate*<l vitamin K. It app<*ars lo Ik* n‘eiuiivel for the syntlu'sis eif 
prothrombin. 

Respiration. One* of the* main fune*tiems eif the* bloeiel is tei carry oxy- 
ge'n tei anel remove earbem elieixiele* freim tlu* tissue's. In the limgs the 
bleioei is e'xposesl te* the* oxyge*n eif the* inspiresl air. A very small amount 
of eixyge'ii is physie*ally eli.sse)lve*el in tlu* bloeiel, tlu* main factor in the 
transiHirt of eixygen U*ing lu'ineigleibin. Neirmal bleieiel will binel, as 
eixyhemeigleibin, aliout IS.o e*e*. eif eixyge*n per 100 e*c. The* amount of 
exxyge'ii bounel liy liemeigleibin de*|)e*n4s upon the aineiunt of e)xyge*n in the 
air tei whie'h the* lu*nuiglobiii is ex|ieise'el. 'Fhe partial pr(*ssure of oxygen 
in the lungs is e(|iial to aUnit 100 mm. of mercury. In the tissue's, since 
oxyge*n is Ix'ing use*el e'ontinually, tlu* tt'Usiem of oxygen is mue*h less than 
in the lungs, miel heue'i* e)xyheine>gleibin give*s up its eixyge'n to the tissues, 
Howe'ver, it eloe*s neit give up all its oxygem. Bloexl le*aving the tissues 
or, ratlu'r, returning to the lungs ceintains about 12 ee. of oxygen per 




RESPIRATION f77 

100 rc. Thus 100 ce. of blood in circulating through the body supplies 
about 6.0 cc. of oxygen to the tissues. 

As blood circulates through the body, it takes up carlK)^ dioxide which 
is being produced as a result of oxidations going on in the tissues, ("ar- 
l)on dioxid(‘ in solution fonns carlwuiic jiciil, which is a weak iu*id mid 
tends to lower the pli of the blcMnl. ()xylu^inoglobin is an unstable eom- 
ixnind which tends to laeak ilown into oxyg(»n ivnd hemoglobin in the 
presence of carbonic tw'id. Tints, as curlxm dioxide is taken up by the 
blood, oxyhemoglobin yi(‘l<ls more oxyg(»n to tlu tissues. l'heivfor<» 
conditions in the tissues favor the d(X*om|x)sition of oxyhemoglobin. 

We may next in(}uire how the blo<Kl carries carbon dioxidi' from the 
(issues to the lungs and how (be lungs elimina(i‘ i(. HIcmkI t iUcTing lh<» 
lungs contains from .m to (K) ee. of carbon dioxide p(*r 100 cc.; that heav¬ 
ing the lungs contains about 50 (*(*. Thus in passing through the lungs 
1(K) ec. of blood lo.s(‘s from 5 to 10 ec. of carbon dioxi(L\ 

'lliere an* three* main w’ays in which (lu* blood carri(*s carbon dioxide. 
About 10 p(*r cent is (‘arried as <lis.solvc*d carbon dioxide*. abe)ut 20 per 
ee*nt is helel in combinatieai with lu*me)gle)bin, anel about 70 i)e'r ce*nt is in 
the* fe)rin of NallCOa. The heaneigledan i*e)inpound witli ciu Ixm die)xideis 
ae*arbamiiu) compound whose* formation may be* re‘pre'se*nte*d thus: 

11 

HbXIl2 + Cih x--IIbN^^ 

HcnioKlobiii C’arbfiniino roinpotiml 


Me)st eif the* carbon ehoxiele*, it has bevn pe)inte*el enit, is carrie*el in (he* 
ble>e)d as NallCOs. The ejue*stion ne*xf arise*s as to how' the* Nal!('()« is 
e*hange*el te) (’Oo in the lungs. In the* re‘el e*e*Ils the*re‘ is an e*nzym<* culle*d 
carbonic anhydrase, which is ve*ry e*ffie*ie*nt in ceinve*rting e*arlK»nic acid 
into ('(>2 anel II2O. Heel e*e*lls are* rie*h in jK)tas.siuin, where*as blood 
plasma is rich in sexlium. In the re*d cells (’(>2 is pr(\se‘nt iisKlK'fla 
anel in the* j)lasma as NalK '(>3. The* me*mi)rane ol the* re*el e*e»lls is re'adily 
lK*rme*al)le* to JU’Orr ^ to anel Na^ When blooel 

reache\s the lungs, carl)e)nie' anhyelrase cemve^rts the* IK*03“ alreiuly press- 
e*nt in the nxl (*e»lls into f'02. The* ('(>2 passe*.s through (lie e*ell mem¬ 
brane into the ble)e)el plasma anel th(*nce into the air s])aees e)f the lungs. 
At the same time IK'Os'" diffuses inte) the* reel c(‘lls, and to maintain an 
equilibrium of ions (T diffuse.s out. If (he IK'(>3“ concentration 
bwomes too low inside the cell and if the HCOs concent rat iem of the 
plasma is insufficient te) make up the leiss, C’l will re*en(e*r the cell. This 
passage of Cl” in and out of the red cells is knowm as the chloride shift* 
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The entering? the w»fl eells i« quieldy converted into 002, which 

diffuflen out and i.s fi^ivcn off by t)ic Itin^K. 

What haH juHt said explains to a lar^c extent the origin of expired 
CO2. However, some of the exfunxl ^*(>2 comes from dissolved CO2 in 
the phisma an<l from the earhamino compound in the red cells. The 
foregoing dis(*u.ssion is pr(‘henfe<l graphically in Fig. 27. 

It is an int<‘r<*sting hwf that during mspiration two reactions are going 
on simultaneously in the tissu<*s and in the lungs, each of which favors the 
other. In the tis.su<‘s Oo i> removed from the* nxl blood cells, Ix^causo of 
the decomposition of oxyhemoglobin, and resulting from the oxida¬ 
tion of organic matter in the tissues, is r(*mov(‘d from the tissues by thi* 



Ki<f. 27 The ctuMiiical riiaii^es (.'ikin^ place iii Ihc hlcMwi <»f the lungs during 
n*Mpiratt<in. From /*/»vs/(»/(M/ica/ /6 mmcs (\»uru*s\' of Dr. F. ,1. \V. Houghton. 

blo(Kl. 'Fhe loss of (>2 11*010 tl«* i*(‘d cells favor’s the taking on of C(>2, and 
the taking on of ( ’( >2 favor-s the giving off ot (> 0 . In lh(* lungs th(‘ r*evers<‘ 
situation (*\isls. There (>2 is takiMi on by the i-eil 1)1o(k1 cells, and (’()2 is 
given off. Her*!' again the two reactions favor each other. 

What has just U'en said ma> Ik* explained on the basis of the law of 
mass action. In tlu* diagram on p. 27ff the (xiuation n'presents an 
<Hjuilii>i'ium ri'action wliich is continually taking place as the blood circu¬ 
lates. In th(‘ tissues the* reiwtion gew's fi’om left to right, and in the lungs 
from light to left. 

According to the law of mass action, an (‘quilibrium reaction may be* 
forcisi in a given dins’tioii by removing an end pnaluct of the reaction or 
by incH'asing the concentrat ion of one of the r<*at'ting substances. In the 
tissues the eml product, O2, is removed, and also the concentration of 
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HiC(>t is increased. Therefore in the tissues the reaction tends to go 
from left to rifcht. The taking on of Oj by the tissues favors the taking 
on of COj by the blood, and the taking on of ('()2 by the blood favors the 
giving off of oxygen to the tissues. 


Carbonic 

anhydrasc 


COi><-Tissue 

n2CX)3 + ivnw)a ^ 

(’t )2 -Lungs 

1 


Hllh + KIK’Os + O 2 


I 

<>2 

I 


In the liinjj;s carlxmie iinhydrase ile(H«njK)scs forming C (>2, 

which is given off iis a giis. "J'lius an end product of X\w nwtion from 
nglit to l(»ft Is removed. At the same time is taken on from th( air, 
which incr(‘as(\s tlu' concentration of one of llie reacting suhstances in 
th(‘ n^action from right to left. Thus in the lungs the n*aetion from 
right to left is favonnl. 11ie giving off (*f C'O^ favors th ‘ taking on of 
()2« iind th(* taking on of (>2 favors th(‘ giving otf of (>2. 

Alkalinity of Blood. The blood is taintly alkaline, having a />1I of 
about 7.30 under normal conditions. If the />II is allennl by a few 
l(‘nths, d<*ath results. If the /dl is less than a condition of acidosis 
is .said to (*\i.st. II it is more than the* condit ion is known as alkalo¬ 
sis. 1'he blood maintains its /dl by m(*ans of certain const it U(*nts called 
buffers. Jbiffers an* substances which, when in solution, will n(*utralize 
acids or bases without the yd I of the .solution being altered apj)r(*ciably. 
1'he bulT(*rs in the blood are w’eak acids, tog(*th(*r w^ith tlu*ir salts. An 
important liufTer system in the* bloexl is a mixture* of sodium 
bicarbonate* and carbemic acid, wliich may lx* i(*pre‘se*nte*d by ilie* 
ratio [NallCOs] : [Il2('<>«]. The NalK’O.^ will re*ae l with a strong acid 
te) form the very we’ak acid Il2( '(>3 and the salt of the* strong licid. 


NaliC'Oa + UCi-^lhCih “f Na(1 
IhCih-^lhO -b ('()2 


If the fe>regoing n'actiems take place* in the* i)lor)d, it is e»vid(»nt that the 
strong a(‘id, 11(1, will be e*liminute*d as earlxin dioxide* by the lungs and, 
unk*ss enough H(1 is pre*s(‘nt tei re*act witli all the* l)ufTer of the blood, the 
reaetiem of the ble)od will neit alte*r appre*e‘iably. The* ability of the* bl(K)d 
to ne*utralize* acid is knowm as its alkali reserve anel may lx* measured by 
treating a known volume* of blexHl |>lasma with sulfuric acid and measur¬ 
ing the volume e>f (1)2 <*volv<*d. Normal [dasma, saturat(*d with CO2 at 
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the CO2 tension existing in the lungs, gives from 55 to 80 cc. of CO2 per 
100 cc. of plasma. In acidosis this volume Is reduced. A value of 40 
indicates mild mjidosis; of I<iss than 30, s(»verc acidosis. At about 15 the 
subject is in cenna. 

The tNaHOOal :[Il2^'Oal buffer present in the blood also acts as a 
buffer toward a bas<*. Thus a strong base like NaOH is neutralized to 
fonn the w<"aker biis<‘, NaHC'Oa. 

IlaCda + Nadll NalK^Oa + H2O 

Any exceas of NalK ’(>3 may be (eliminated in th(» urine. 

The phosphate buffer syst<‘m may be repi-es(»ntcd by the ratio 
lNa2lII'^U] • (Nall2pt)4l. N:i2HP()4 is a w(»ak bas(‘, and NaH2P04 is a 
W(*ak acid. W ith a strong aeid Na2HP()4 r(*aets to form the weaker acid, 
and with a strong base* NalloPt )i reacts to forni the w(*ak(*r base',, thus: 

Niii.IIP()4 + IK'l “ ^ Nall2P()4 + NaC1 

Nan2P<)4 + NnOH ~-^Na2nP()4 + IW 

Any exc(»sH of acid or basic phosphat<*s is (‘liminat(‘d from the blood 
through th(‘ kidn(‘ys in tiu* urine. Thus tlu* kidru'vs play an important 
part in maintaining tfu* alkaline ivaction of tin* blood. The redaction of 
the urii»<' is normally acid, tin* /dl l)<»ing in the n(Mghl)orhood of G.O. 
However, tin* pll of the urine is constantly changing and at tim(»s may be 
distinctly alktiliiu*. Tin* /dl of the urine d(*p(*nds upon whether acid or 
alkali must be r(‘mov(‘d from tin* lilood to maintain the pli of the blood 
at 7,;ir). 

ImiMirtant buff(*rs within the blood cells an* liernoglobin and 
oxyhemoglobin, 'rhest* buffers may lx* rc*pr(*s(*nt(*d by tin* ratios 
[Kllbl : [Hllb] and [KllbO^l : [llllbt )2l. ()th(*r prot(’ins in the blood act 
as a buffer sy.st(*m, repres(‘nled by th(* ratio [Na prot(*in| : [H protein], 

Tlu* i)r(»teins of the blood are amphoteric and have the power of 
m'Utralizing (*ith(*r acid or bast*. Thus the proteins of the blood form 
another important buffer syst<*m. 

AntJther m<*ans tin* btwly luus of neut ralizing acid is by the* formation of 
ammonia. Tlu* uriru* contains a ct)nsid(*rable (juantity of ammonium 
salts. The ammonia for tlu* imuluction of these ammonium salts is 
fomu'd in tlu* kidiu*y by tlu* dt*aminizatum of amino acids. This is per¬ 
haps a m(*chanism for coiis(*rving b;ist* for the body. In acidosis the 
quantity of ammonium salts in tlu* urim* incn*:vs(*s greatly. It is thus 
evidt*nt that ammonia may play an im|X)rtant role in regulating the pH 
of the bhuxl. 

Blood Analysis. In n*(*<'nt years inetluKls have lx*en developed for 
analyzing small (piantities of b](K)d for many of its constituents. Much 
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work has been dune to determine the concentration of the various con¬ 
stituents of blood in health and in dis(\is(^ It lias becm found that the 
blood of normal individuals is quite constant in compowtion and tliat 
many diseastis picKiuce (haiiu‘terist.c changi^ in this eoin|)Obition. 
Since, ^ ith the exception of carlxm dioxide, iiKwt of the waste pniductb of 
metabolism aie eliminated In the kidne>s, it is obvious that any failure 
of ihe kidne>s to eliminate waste puHlucts i>| inetalxilism will n'-sult in an 
increase m the concent i at ion (»i thesc^ pnHJucts in the bl(KHl BIckhI 
analysis ther^^fore is of great im})ortance in diagnosing kidney diseas(n» 
and in deteimining the extent to which the kidneys have lost their 
turn tion 

In a hospital Uhoiaton tiu ccaninon detcTimnatioiis nuule in a < In mi 
cal anal>sis ot the blood an* glut os(», nonptot(*in nitrogen, un*a niln'gtm, 
urif at*i(l, cieatinine and (hloiidcs \ s\stc*m ot .tnaixsis by means of 
which all these (oiistitiu nts ma\ lx* d(t(iinin(*d on oru samph* ot bhuxl 
has b(*( n dcvclo]K*d !)> Folin and W u Blood is diaw n t lom a \ (in in the 
ann into a tube containing a sm ill (|uanfit\ ot |M)tassiiin o\alat<* to pu'- 
\ent (lotting \ saini)l( of this o\al.it<*d blood is dih t(*d with watci, 
and the proteins aie pi((ijiitatid bv iiHiiiis of tungstic acid Ihe pro¬ 
teins aie removed bv filtiation and the wat(*i-(l(‘ai filtiate is analyziKi 
foi lh(* vatious coiistitiuIlls "hibU 8 shows tlu* (omposition ot noiinal 
human blood and blood tiom patients sutfeiing fiom lu phi it is and dia¬ 
betes 

1 VHLL 8 

CoMWisiTKiN OF Human Biood in IHaith and Disi asj- 



Norm d 

phiilis 

DiiiIk U s 

( 011*^1 Itiu Ill 

Milligntins ]N r 10(1 

cc 

Nonprot/ in nitro>?» ri 


to 4(K) 


1 n a nitnigi ii 

10-1 r> 

to 100 

to .10 

1 ric M id 

2 d 5 

to 27 

to 10 

("n utiniiic 

1-2 

U> 28 

to 4 

tiluc ost* 

70 120 

to 100 

to 12(M) 

Clilondes as Na(M 

45(> 'iOO 

to 600 

to 400 

Cholcstt rot 

150 PK) 

U) *KX) 

to 800 

Inorganic P 's<nim) Ought r in children) 

d-4 

to 20 


Calcium (st'ruinl 

9-11 

5- 7 


Plasma C 02 (volume ^ |n r cr iil) 

55-80 

to 45 

10-50 


Blood Chemistry in Nephritis. Fmni Tabic* 8 it is evident that blood 
composition vanes from the normal in n(*phntis and dialx*tcs. In 
nephritis it is customar\ to det(*iniin( first either nonprotein nitiogen or 
urea nitmgen Nonprotem nitrogen is yx*rhai)s the lx»t ter determination 
to make lx*cause of the technical difficulties involved in an accurate urea 
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nitrogen eHtimation. It is obvious that, since nonprotein nitrogen is the 
total nitrogen of all the nitrogenous constituents of the blood filtrate, if 
this value is normal, the values for the other nitrogenous constituents will 
not l)e far from normal. 

In early nephritis there* may lx* a n*(ention of uric acid. Since uric 
acid apiM*ars to Ixi eliminated with mon* <lifficulty than any of the other 
blood constituents, if there is any iinpairnu‘nt of kidney function, uric 
acid values may lx; high. In early n(*phritis it is th<*r(*fore d(*sirable to 
detenuinc* uric acid in the bhxxi ev(*n though nonproteiii nitrogen values 
are api)anintly normal. 

Of all the nitrogenous constituents comprising the nonprot(*in nitrogen 
of the blcxxl, ereatinim* is th<‘ most (*asily eliminated. An inerotist* of 
creatinine in tlie blrxxl therefore indicates stTious kidney impairment. 
If the nonprotein nitrogen value of bhxxl is normal, it is a r(‘fisonahle 
assumption that the crealiniiK* value is normal. llowev(‘r, if the* non- 
protein nitrf>gen value is high, tlx* creatinine* value* may or may not lx* 
higii. It is th(‘n*f()rt* important to <i(‘termine* (*r(*afinini* whenev<*r blexxl 
with high ne)nprote*iii nitrog(*n value i.-> (*ncouiit(‘r(*d. Normally blexxl 
contains fre>in 1 tei 2 mg. of cre'atinine* jx*!* KM) cc. A value of 4 indi{*at(*s 
serious kidney impairment. \Vhe‘n the ert*atinine* value* readies r>.r), 
then* is usually little* ho[)<‘ for tlx* re*(*ove‘ry eif the ])ati(*nt. 

Blood Chemistry in Diabetes. Ane)the‘r dis(*as(‘ in which lilexxl aiialy- 
sis is of gi*e»at value* is elialM*te»s. J)ialK*te‘s is usually first el(‘te*cte‘d by 
finding sugar in the* urine*. Sugar in the urine* is usiialK due* to a high 
concent rat iem of sugar in the blexxl. Normally, blood (*ontaius from 
70 to riOing. eif glue*e)se* peT J(M)e*e. \Vhe*ii the* sugar in the bleieiel re‘aehe*s 
a value eif K»() to ISO, sugar ai)pe*aiN in the* unix*. in se*ve*re‘ elialx*te‘s the; 
conee*ntration of glueeise* in the* blexKl may re*;x*h I2(M) mg. per 100 ce. 
A bloexl-sugar e'stiinatiem gi\e\s a much lM*tlt‘r inelie*ati(»n of tlx* s(‘verity of 
a dialx'tm eondition than an estimntie)n of sugar in tlx* urine*. A persem 
with dialx*te*s can often lx* brexight by a pre»iH*r eli(*t to a eeuxlition w'lx*rc^ 
then* is no sugar in the uriix*. \\he*n no sugar appe*iws in tlx* mine, the 
blood sugar may still be* 100 te» ISO. Blood-sugar ele*te*rniinatie)ns an* 
therefon* imix^rtaiit in eemtrolling elialK*iie* e*onelitions in whie*h blexid- 
sugar values range freun 120 te» ISO mg. |)e*r 100 c*c. 

Sugar-tolerance Test A vt‘ry valuable* applie*atie)n of blexx! chemis¬ 
try is the siigar-te»lcrane*e te*st for diagneising a dialx'tic e'onelitiem. In 
this test the patient is given on an e*inpty stoimwh 1.7o grams eif glucose* 
per kilogram of Inxly weight. BUxmI .samples are* analyze*d for glucose 
just liefon* the sugar nu*al and at he)urly intervals thereafter. The blood- 
sugar values are then plottixl against time. In a neirmal indivieiual the 
blood-sugar value rises to about 150 at the end of the first hour. In 
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2 hours the value is back to normal. In diabeU^ the blood-sugar values 
go higher (above 180) and remain high for several hours. The peak of 
curve is reached in 2 houi*s, but it does not return to its original value 



Khj 28. C'urvc.s sIionmii^ blood-sii^ar vjihu*.s and at hourly intervals aftor 

a .suisai meal for a norma) and a dialMdic individual. 

until 3 to t) liouiN lia\e jia^sed. Figure 2S .shows typical sugar-tolenuice 
curv(‘S for nornuil am I diahetic indivuluals. 

Blood Chemistry in Other Diseases. Altliough blood chemistry 
finds its gn*atest usi* in tin* diagnosis and control of nephritis and dia- 
l>(‘t(*s, it should not In* concluded that tlusse are th(‘ only diseases in 
wliich it is of value*. Heh'nuiee has already l)<*(*n nuwlc* to the iinportan<*e' 
of hemoglobin d(*termmat ions in anemia, icteric-in<lex de.ferininalions in 
jaundice, and carl)on dioNide det(*rnunation.^ in acidosis. In rickets, a 
disease charact(‘nzed by |)oor caleiheation of bom*, bloo<l-seruin phos¬ 
phorus values are low. In gout th(*r(* is a di.stiirhance in purine metab¬ 
olism which is a.>sociate<l with high uric acid vaim‘s in tlic blood. One 
authority states that he never diagno.s(*s a case a^ gout unless the uric 
acid of the blood exceeds (i mg. p<*r 1(K) cc. Blood cholcst(*rol values are 
high in diab(*tcs, iiejihrosis, and obstruction of the bib* duct. Values are 
low in j)(*rnicious aii<*niia. Oth<*r cxampl(»s of the* applications of blood 
chemistry might Im* given. 

Chemotherapy 

Ever since the discovery that many di.s<*ases are caused by the entrance 
of microorganisms into the liody, it has lK‘f*n the hop(^ of medical men 
that some drug or chemical might lx* foun<l which, when introduced into 
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the body, would destroy the microorganism but be harmless to the 
patient. II was soon realized that this was a difficult problem. 
Although many chemicals were known which would kill microorganisms, 
they all proved to toxic t«) the patient also. However, some success 
was ol)lain(‘d in chemotlwjrapy when it was shown that malaria could be 
controlled by the use of quinine. T1 m‘ real Ix'ginning of chemotherapy 
daU^s hack to 1910, when Khrlich showed that salvarsan, an arsenic- 
containing aromatic coinfK)und, will cure sy])hilis. Salvarsan is com¬ 
monly called ti(H) to indicate th(‘ niimlx*r of compounds Ehrlich tried 
Ix'fore he foimd thc^ right one. 
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Sulfonamides. Oik* of the most ini])ortant lulvaiuu^s in chemotherapy 
has been (h<‘ (l(*v(‘lopment of fh(» stvcalhsl sulfa drugs. These are all 
<l(*riviitiv'(\s of sulfanilamide, which was first prepared by (lelmo in 1908. 
It was not until lOIlothaf its valu<'as a<lrug became known. 

In 19.'12 Dornagk sho\ve<l that a <lye, {irontosil, protects mice against 
hemolytic streptococcus. In I9I15 Tr<*fouel, Nitti, and Bovet in France 
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showed that prontosil is converted into sulfanilamide in the body and 
that the sulfanilamide is the therapeutically active agent. In 1936 their 
work was confirmed in this country by Long, Bliss, and Marshall. 

Sulfanilamide has proved to \h) effective against infections following 
childbirth, bkKxl-strcam infections, <*rysifK*las, scarlet fever, mastoiditis, 
septic sore throat, gonorrlH‘a, and strc‘ptoc()ccal meningitis. It has 
proved of no value jigainst typhoid fever, tulwirciilosis, rheumatic fever, 
influenza, cold.s, and Ktaphyloc<w*cic inf(Ttioiis. 

Sulfa drugs should lx* iiscxl only undt^r the* direction of a physician, 
because stuious n'iwtions often follow their Some of tlu* common 
rcat^tions ar(‘ loss of apfx*ti<e, skin nish<»s, dizzin(*ss, psychos(‘s, cyanosis, 
and anemia. 

In an (‘ITort to produce sulfa drugs whic‘h are more (*ff<»ctive and mort* 
easily tolerated than sulfanilamide s(*ic‘ntists hav(‘ pr(‘pared many deriva¬ 
tives of sulfanilami<l(‘ and have* s1udi(‘d th(‘ir th(‘rapeutic activity. 
Among those which have h(H‘n <‘sp<H*ially valuable^ are sulfapyridine, 
sulfathiazole, sulfadiazine, sulfasujddine, and sulfaguanidine. 1''hei]' 
chemical structun\s and th(*ir n‘lationships to sulfanilamide an* indicat<'d 
in the diagram on ))age 285. 

Sulfapyridine is (*s|x*cially gocxl for c(‘rtain lytM*s of piuHimonia. 
Sulfathiazoh* is effective* against staphylococ(*ic infections. Sulfadia¬ 
zine is well tolerat(*d and is very (»ffectiv<* in pn(‘umonia :m<l stai)hyloeoC' 
cic infections. Sulfjisu.xidine* ami sulfaguanidine* an* poorly al>sorb(*d 
from the int<*stine and for this n*:i.son have lH*en e.speeially us(*ful in 
intestinal infe<*tions. 

C'oncerning the meehani.sm by which sulla drugs ov(*rcome bacterial 
infections it is lx*lH*ve<l that they do not ae tually kill the orgiuilsms but 
rather slow <lown their activity, thus giving thi* body (*(*lls a chance to 
dispose* of th(»m. One* theory sugg(‘sts that bacterial cells require 
p-aminolx*nzoie acid for tlu*ir normal mettilMili.sm. H(»fore lx*ing utilized, 
7 >-aminolx*nzoie acid must lx* iieted upon by an enzynu*. If sulfanila¬ 
mide is pn*sent, it reacts with the <*nzym(*, thus leaving the p-amino- 
Ix'nzoio acid in a form whi(*h is of no use to the* bacterial cell. Thus the 
growth and activity of the bju't(*rial cell an* n*tarded, and the* normal 
defense me(‘hanism of the* IxhIv h:i> a chance* t<i act. 

Penicillin. The most n*e*e*nt ami als*) the* most important advance* in 
cheme)the*rapy has lx*e*n the* <lis<*overy and large*-seale* pnxluction of a sul)- 
stanee calk'd i:K*nicillin, whie*li is a prexluct of metalKilisni of a fungus or 
gnH'n mold railed Pmicillium notaturn. Penicillin was fimt elise*overe*d 
in 1920 by Fleming in F.nglanel. In working with plate* cult urns of 
staphylococci lie note'd that, when a e*ultuix* wtis ae'cidentally contami¬ 
nated with gixH'n mold, growth of the staphylococci was inhibited. 
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Further studies showed that filtrates from cultures of g^reen mold iuhib- 
itwl also the growth of gonocfvci, pneuinoeocei, and streptococci. The 
growth i>f Biwillus coli and li. influenzae w'as not affected. Fleming 
call<*<l his gn^m-inold filtrattvs {Kmicillin. 

Little attention was paid to FleminK’s work until the outbreak of 
World War 11, wh(‘n Abraham, ('hain, Florey, and their dissociates, 
known iis the Oxford jri’oup, .started to rt*investiga(e penicillin with the 
id(‘a of using it on war casualties. Bcrausc' of thc‘ <lifl[icuiti(\s of working 
in ICngland under war con<litions and In'causc* of the urgimcy of the work 
Florey came to the United States and interi'stcHl the government and 
c'omniereial lal)oratori<*s in helping with the problem. As a result of this 
work iK‘nicillin i.s now iK'ing prcnluecHl in (juantity and is being us<h1 
sueei*ssfully in the tivatnu'nt of many inf(‘etions diseases. 

IVnicillin is ])ro<iu(*(‘d by growing the mohl on a licjuid culture medium* 
The liciuid medium (*ontaining tlH‘ |x*neillin is finally separated frf>:n the 
mold and concent rat (‘d })y distillation undcM* reduerd pmssure. The 
n\sidu(* is ext meted w ith organic solvents, and tin* iM-aicillin finally 
precipitatc»(l as th(‘ barium sjilt. For clinical us(' the baniim salt is con- 
vert(Hl into a solution of th<‘ sodium or calcium salt. 

Sinc<* th(' <iiscov(Ty of |)<*iiicilliii much work has Ikhui done by British 
and AnuTicaii chi*mists to d(»termine its chemical nature. This wrork 
indicat(‘s that th(‘r(' an* sev(*ral p(*nicillins, wliich have the (empirical 
formula ('oHuO^SN-i lL 1'he various pcmicillins differ w^ith regard to 
the nature of H. In F-peiiicillin (known in Britain as }M*nicil]in I), R is 
A“ pentenyl (—('ll 2 'UIl Ull < in (lihydro-F-iK*nicillin, 11 is 

//-amyl; in (l-i)enicillin (known in Britain as ])enicillin II), H is Ixmzyl; 
in X-}K*ni('illin (known in Britain as }H*nicillin III), R is />-hydroxy- 
U*nzyl; and in K-|H*nieillin, U is w-heptyl. The following has In'cn 
suggested as tiu* graphic formula tor the scKlium salt of pcmicillin: 
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P 4 »niciHin is almini.stensl by intravenous, intramuscular, or .sul)- 
cutan(‘ous injection. For ai)i>Iication to'surface wounds the* calcium 
salt is UH<*d, Ix'cause it is mon* stable than the sodium salt. Since 
fxjnicillin is quickly eliminated from the body by the kidneys, frequent 
doses must b(* given. 
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In comparison with tho sulfa drugs penicillin is much less toxic. In 
fact, iK»niciHin is appar(‘ntiy innocuous when given to human beings, 
even in large* <lose*s. Furthermore, ixmicillin acts on many Gram-posi¬ 
tive microorganisms, including the staphylococci, against which the sulfa 
drugs are relatively iiu*fT(*ctive. Penicillin is efT(‘ctiv(‘ against most of the 
<liMc«as(*8 which n*siK)nd to sulfa-drug trf'atinent. It apparently is not 
eff<*ctive against tuberculosis. 

Other Antibacterials. The* id<*a that one microorganism can inhibit 
the growlh of another is not new. As (‘arly as 1S77 Pasteur show'ed that 
tlu* growth of Jinrillua nnthracU, tin* organism which causes anthrax, is 
inhibitfHl by other microorganisms. In 1905 Frost d(*monstrated that 
the growth of many clis(‘Jise-pro(liieing organisms is inhibited by eertain 
microorganisms lound in tin* soil. This fact may ('xplain why children 
who play in the dirt do not devc*lop infections more often. 

About 1917 'fwort in fOnglaml and (rilerelh* in Franec* showed that 
certain hact(‘rial cult ures destroy oth(*r inieroorganisms. d^Herelle sepa- 
rat(*d the activ(» substance' frotn his culture's and calle'd it bacteriophage. 
Kjict<‘rioph:ig(‘ is at the* pre‘S(‘nt time used jis an ingre*dient of eertain 
iintiscptics. 

In 1927 Haistrick isolated from fe'rme'ntatiem solutions of the mold 
PfUi illium citriunm a yellenv solid which he* e*alle'el citrinin. This sul)- 
stan**e has antiha(*terial ae*tivity. 

In 19.'i9 Duhos is »lafe*el freun e*e'rtain e‘ulture*s of se)il hae*te'ria a eTystal- 
linc soliel which is toxic for (Iram-positive' hacte'ria. Ih' calle'el the' prewi- 
uct gramicidin. Anoflu*r preMlue-t, ise)lale*el alemg with gramie*idin, is 
te>xic fe)r (Iram-iK'gat ive* e)rganisiMs. This 1 )uhos e*alle'el tyrocidin. 

He'e*e‘ntly scve-ral inve'stigators have' isolated fremi Aspcrgillufi fiirniga- 
tusii proehie*t whie*h ise'spe'e'ially active'against Grain-pe)sitivt'e>rganisms. 
It is me)re sleiwiy e*liminateHl than pe'nieillin. \ single intravenems injec- 
tie>n maintains a the'rape'Utie* le've*! in the* hle)oel for 10 hours, as conipare*el 
te> 2 hours fen* penicillin. It is nisei active against Gram-ne'galive* organ¬ 
isms anel the* organism e*ausing tuln'iruleisis. Se) far it has neit lM»en 
te'ste'd as a e*ure for tulM'iviilosis in animals. Differe'nt wxirkers have 
given it ditlere'nt name's, sue*h as helvolic acid, fumigacin, anel aspergillin. 

C)ne of the* ne'WC'St antihiotie*s was ise)late*el from cultures eif a seal 
organism called Streptomgees grimts by \A'aksman, Bugie*, and Sehatz in 
H114. They e*alle*d tlu*ir preHiuet streptomycin. Although it is teio early 
to say just wd\at streptomycin will elo, it ap|K'ars that it may preive effec¬ 
tive in the tiexitment eif suedi elisc'ases as urinary tract anel wxninel infec¬ 
tions, tulan'inia, typheiiel fevc'r, certain tytX's of meningitis, and w’hite 
diarrlu'a in e'hi(*ks. It has Ix'cn trienl in the treatment of tulicreulasis, 
but tiiiu* is necessary to detc'rniine its value against this disease'. 
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REVIEW QUESTIONS 

!• Difldnguish among blood, lymph, plasma, and siTiim. 

2. Naim* the formwl eleini*iit.s of hlcKni 

3. Name th(» bloful proteins 

4. What are normal values for a n*d- and for a whiU'-eell I'ount? How is <vich 
typi* of eoimt made? 

6. Oc'serilK* the rulings nn a eouiitiiig ehamlNT 

6. What IS meant b\ a ditTiuential eouiit*' What arc* normal values'* 

7. In apfxuidieitis hens d<» the uhiU*-c*(*ll eount and difTerc*ntial eount^ differ from 
noriTiHl’* 

8. llou does the clifTerential eount dilTc‘r from normal in iMiipImtie lc*ukemiH? 

9. What arc* the* ehc*mi‘al relationships c*\isting among hc*moglobin, hc*mo(*hro- 
iiiogc'ii, mc*thi*moglol)in, o\> h(*moglobin, ear bow hemoglobin, hematin, prrUo}H»r> 
phyrin, bilirubin, spTeobilin, iirobilm, and urobilinogen'^ 

10. Name and desenls* sc*veral tc‘sts for bhwid Ilcm can hum.ui blood bc^ tested 
for'* 

11. How many grams of h(*moglobin should then* be* pe*r 100 ct* of blood, aeeord- 
iiig to Haldane*'^ 

12. Name and distinguish be*twe*en two t>pes of .inemi i 

13. W’hat IS meant b> the e*olor iiidev*' 

14. What abnormal labor:itoi> findings would you (*>pe(t in p i iieioiis «inemia? 

16. W hat IS nn*ant b^ the* e \triiisie and the iiitririMC f.ietors in tH*rnieious ani*mia? 

16. How nia> jMTnieious anemia be tre*ate*d^ 

17. W hat IS the* n*l.ition of hlood piot4*ins to e*dema‘* 

18. Mow is blood pi isnia j)repare*d foi use* in transfusions'^ 

19. ( Jive llow’cirs th(‘or\ of blood elottmg 

20. DisciLss resjiiratiori How are o\vge‘n and eaibon dio\id(* earricHl by the 
bl<»od‘* 

21. How is the alk*ilini1\ of the blood niamt lined'’ 

22. Discuss the value* of blooel ehc'inistry in nephiitis .iriel diabetes 

23. Name sc'veral constitue nts of the* blood coninionl\ d(‘termin<*d in a blood 
anal>sis and give norm il value's for e*aeh 

24. I)e*senbe a sugar-1 oleran<*e tc*st W'hat results would vou e\pe*et to find in a 
normal and in a diabetic individuar* 

26. Name* vinie disesuses other tleiii dialn'tes and nephritis in the diagnosis of 
which blood ehemistrv is of value, .arid tell how the blood eoni|N)S]tioii may vary from 
the normal in each 

26. W'hat is nicant by the 1(*rm clieniothc'raphy*' Discuss the liistoric*al devc*lo)>- 
mc*nt of elieniotherafiv 

27. What IS siiKarsan, and .against what disease is it used’’ 

28. Name five .suif.i drugs which are de*ri\atives of suif.inilaniide and indicate 
their c*h<‘niical structure. 

29. Name he*ve ral disc asc*s which rc*s|M>nd to sulfa drug therapy and several whic*h 
do not 

30. W’hat sulfa drugs are esjM'c i.illy good for exmibating irib'stinal infections'’ 
Why*’ 

31. (live a thcHiry to explain how sulfa drugs act 

32. How* is |N*nic‘illin iiuMle? W’hat lulvantage d<M*s it have ov(*r sulfa drugs? 

33. W’hat IS the che*mic*al nature of i)enicillin‘’ 

34. What are biwtenophage, c*itrinin, gramicidin, tyrocidin, and strepUimycin? 
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CHAPTER XVIII 
THE URINE 

Excretions. The main organs of th(‘ IxKly which an* concerned with 
the removal of the waste products of metabolism are tlu' kidneys and 
the lungs. The main iunctions of the* kidneys are to t^hminatt' water, 
.^alts, and the waste products of metab(»lisin and to r(‘gulate the pH 
of the blooil and tissues. The kidneys eliminate the end products of 
metabolism which are solids or li(|uids; the lungs (‘liminate carbon diox¬ 
ide and small amounts of other volatile sul)stanc{‘s. iMIk r organs which 
have (‘xen^tor^’^ functions are the liver, intestines, and skin. The liv(*r 
excretes the bil(‘ pigments, bile salts, and cholestiTol; th(» intestines, 
certain mineral salts; and the skin, thn)ugh tlu* |>(‘rspir:i(ion, many of 
the compounds ordinarily found in the urine. Most of th(^ nitrogenous 
waste products are climinattHl through th(‘ kidm^ys. An adult on an 
average died excretes in the urine about 15 grams of nitroge^n ptT day. 
The nitrogen ex(‘ret(‘d by oth(»r rout(‘S amounts to about I gram |K‘r day. 
It is thus apparent that the^ urine is a V(»ry important excredion to Ix' con¬ 
sidered in the* study of nitrogen metabolism. 

Kidney Structure and Physiology. In order to und(*rstand th(» action 
of the kidney a bri(*f d(*.scription of th(» .struedure of this organ is n(X'e.s- 
sary. In the kidney tlie waste products of nudabolism an* removed 
from the* blood l)y \vhat may Ik* con.si(h*n‘d a pro(*ess of filtration. A 
human kidney has Ikkui (».stimated to contain alxiut 4,5(K),0(M) filtration 
units. ICach filtration unit is known as a Malpighian corpuscle. The 
blood enters the Malpighian corpuscle through an afferent V(*.ss(»l which 
breaks up into a capillary noduk* call(*d th(* glomerulus. TIu* (*apillari(‘s 
of the glomerulus coll(*ct into om* ve.s.sel, called thi* efT(‘r(*nt v(*.s.si*l, which 
leads out of the Maljiighian corpu.s<*l(*. The glomerulus i.s enclosed 
within a capsule known as Bowman’s capsule. I^ach M alpighian corpus¬ 
cle is thus mark* up of two parts, a glomerulus and a capsule. 

To each ca|)sulc is atfach(*d a long tubuk*. For a short distance from 
the capsule the tubule doubles ami twists and then straightens out. 
This first region of the tubule is known as the proximal convoluted tu¬ 
bule. The straightened tubule de.seeuds for some distance and then 
doubles on itself, forming Henle’s loop. The tubule then g(K*.s through 
another series of convolutions. This s(‘etion of the tubule is known as 
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Ki< 5. 2^). DiuK^'Hin of tin* tulxiuu of thr kidney. To the unit on the 

ri|?hl the bl<KMi cireiilation is indieateti M. (\, MalpiK)ii:in rorpusele; P. (*., proxi- 
imil convoluted tiihult*. If L, de'iiviuling hinl) ut Ilenle’s loop, H. L , Hcnlc’.s 
liKip, -I L , ascending hinb of nt‘nle’s loop, I) fdiMal convoluted tubule; C. T., 
collectiiiK tubuU*. From Thv Secretton of the f’nwe by ('Hishny. (’ourtt'sy of Ijong- 
nmtiH, (irtHMi and Co 
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the distal convoluted tubule. Ttie tubule iinaily straightens out and 
ends in a collecting tubule. The blood 8upi)]y to the tubules is a net¬ 
work of capillaries originating from the efferent vessel of the glomerulus. 
The accompanying diagrams (Figs. 29 and 30) illustrate the structure of 
the Malpighian corpusch* and also the ndation of the Malpighian cor¬ 
puscle to the tubule, together with its bloiKl supply. 

Many th(H)ries have b'en advttnecKl concerning the formation of urine. 
Perhaps the most generally accepted is that, as thf» blood passi's through 
the glomerulus, the noncolloidal substances in solution in the blood filter 


Afferent 



Fio 30 A Malpighian rorimsrU' From Th( Svintum of thr Vrtne by Cunhny. 
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through the capillary walls and enter th(» tuhul(*s. As the filtrate passes 
down the tubules, it is concentrated by f h<» reabsorption of water. Those 
substances in the filtrate which arc of value* to fhc* body are reabsorbtid 
along with tlu* watc^r. Such substances are known as threshold sub¬ 
stances; among them an* glucose*, amino iicids, and salts. Substances 
like urea, uric arid, and creatinine, whieli an* of no further use* to the 
l)ody, are not absorlK*d by the tubules. The* d(*gre(* to wiiieli the glomer¬ 
ular filtrate is concentrated in pas.sing through the* tubules can he deter¬ 
mined by comparing the concentration of the various urinary constitu¬ 
ents in the urine and in the blood. Urea is 60 times and creatinine 100 
times more concentrated in the urine than in the blood. This fact in- 
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dicatcs that the glomerular filtrate* is reduced to 1 per cent of \t^ 
volume in passing thn)ugh the tubules. 

The main factor determining the rate of filtration in the glomerulus i^ 
the blood pr<*ssure. If the osmotic pn^ssure of the blocxl colloids is sub¬ 
tracted from th(* bkxxl pr(*ssun*, the remainder is th(* filtration pressure^ 
in the glomerulus. If th(* blowl pressure falls b(*low the osmotic pres¬ 
sure of t he blcxMl colloids, th(‘n* will In* no urine formation. The osmotic 
pressure of th(* blood colloids is e(|uai to 30 to 40 mm. of mercury. In an 
exiK'riment in which Starling stopp(*<l the flow of urine by obstructing a 
un*ter h(‘ found th(* urinary pressure to lx' c»qual to 92 mm. of mercury 
when no inon' urine was lx*ing <*xcr(*t(*d. The blood pressure of the ani¬ 
mal at this time was equal to 133 mm. of nnuumry. The difference in 
pressure*, e(|ual to 11 mm. of mercury, was the osmotic i)ressure of the* 
biocKi colloids. 

Volume. Tlu* volume of uriiu* excreted in 24 hours varies consider¬ 
ably, the* most impoitant fiu*tor influencing it b<*ing the volume of w^atei 
consume<l. 'flu* av(‘nig(‘ for a normal individual is about 1200 cc. In 
warm w'eath(*r the volunu* is below* normal lM*caus(* of loss of moisture 
through p<‘rsi)iration. Many drugs stimulate tlu* kidn(‘ys, causing an 
in<*n*as<* in voluint*. Such drugs arc* said to have a diuretic effect. Pc*r- 
haps the* Ix'st <*\ampl(* is caffeine, found in coff(*e and tc'a. Since urc'a and 
other end products of prot(*iu mc*tal>olisin have* a diuri'tic c'ffect, the* 
amount (f prot(*in in tlH*di(‘t influc*nc(*s the volume* of urine. 

In dis(‘as(* the amount of urine* may vary W'ide‘ly from the normal. In 
:u*ute* nephritis tlu* (plantity may be gre'atly re*duced, and in extreme* 
case's then* may be* no urine* at all. \Vhe*n the epiantity of urine is small, 
the (*ondition i.s known a.'^ oliguria; when th(*re* is no urine, the condition 
is known as anuria. Oliguria occurs in ee*rtain he*art conditions, fever, 
and diarrhe*a, as we*II as in certain nervous disorders and during con- 
vale*sce*nce from acute diH*aM* in gc*ne*raL Anuria oe'curs after poisoning 
by me*rcuric chloride. \\ he*n the volume of urine is much alxive normal, 
the* (‘ondition is known as polyuria. Polyuria occurs in pancreatic dia¬ 
betes and to an e*xtre*me d(*gre*i* in diabetes insipidus, whe»re the volume* 
may e*xee*e'd 2t) lite*rs |H*r day. 

Appearance. Normal urine has a ye*llow color ranging from straw* to 
ainlH*r. It is usually ele*ar and transpare*nt. If the* urine is alkaline*, as 
it fre*que*ntly is afte'r a me*al, it may In* turbid lx*eause' of the precipitation 
of e*ale‘mm ])hosphate*. On standing, most urine U'cemies turbid lx*cause 
of an alkalinity re*sulting fnmi the deM‘oiiqx>sitie)n of urea to form am¬ 
monia. Pathologie*al urine* may lx* turbid lx*e*ause* of the presence of fat 
gle>l)ule*s or pus cells. Pus cells indicate an infect ion in the urinary tract. 

l"he e*ole)r e)f normal urine is due to the pigments urochrome, urobilin, 
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and uroerythrin. Urochromc, the principal pigment, is thought to be 
a combination of urobilin and urobilinogen with a i)optide substance. 
It is a pnxluct of endogenous metabolism, and about the same amount is 
excrc'ted in the urine daily in a normal individual. In dist^asc^ the color 
of the urine may Ik^ abnormal. In fever it may be much darker than 
usual. A hemorrhage in the kidney or urinary trai*t will cause the urine 
to be red. In jaundice the uriiu* may have a color (*au8ed by 

the prt'sence of bile pigments. In carbolic a(‘id |K>isoumg the urine may 
Ik* black b(*cause of the pr(\sence of phenol derivatives. Maio” drugs and 
dyes used in coloring cand^' may a[){x*ar in the urine, giving it a charac¬ 
teristic color. 

Odor and Taste. Urine has a faint aromatic inlor, said by sonn* to Ik* 
due to traces of volatile organic acids and by othiTs to (ht‘ presence of a 
(*oniiK)und of unknown structure called urinod. Many drugs anti ftKids 
affect the odor. Eating asparagus gives the urint' a cluinict eristic 
asi)aragus odor. In acidosis the urint* has a iK*(*uliar sw(‘ct ish (hIoi* due to 
airtone. Old urine has an ammoiiiac'al odor due to ainiiioiiia ivsulting 
from ammoniacal fermentation. 

Normally urine has a salty taste Ixs aust* (»t the prest^nee of sodium 
chloride. In dialK'tes the urine tastt\s sweet bt*eaus(‘ of tlu* pn*hc*nee of 
glucose*. Befort* the days of tlu* ciini<‘al hilK)ratory, tasting the urim* for 
swtH'tness was the j)ra(*t ice in the diagnosis of <luilH*tes. 

Reaction, llie reaction of urine may vary ove^r a wide range, depend¬ 
ing on several facloi’s. As a rule it is acid, liaving a />II of about G.O. 
On an ordinary diet a 24-hoiir sample of urine* re*e|uir(‘s freun 250 to 
.‘ioO cc. e)f 0.1 X alkali te) neutralize* it to ])he*ne>li)}jthalcin. 11 m* iviudion 
of the urine* is rclate*<l tej the* pre»|M)rtie)n eff the* varie)iis phoKphat(*s present. 
Nall 2 F 04 is ae'id, anel Nji 2 HF 04 is basic, in rcae*tie)n. \Vhie*h ])he)sphateR 
arc excreted in the* urine* de*jH*nds u|K)n the* reactie)n e)f the* hle)eKi; that 
j)hosphat(* is jjbe*rateei whie*h will t(*nd to maintain the* hloeui at its nonnal 
pH. Shortly after a iiii*al the urine is usually alkaline* lK*('ause of the 
ce)ne*entration of acid, as H( 1, in the stomach. During gastrie* dige'stion, 
em ju'couiit e)f reinen’al e)l 11(1 from the* blooel, the bloeiel lK*coines nion* 
alkaline. This tein])orary incr(*ase in alkalinity is spe)k(*n of as the* 
alkaline tide and is, in part, r(»s|xjnsil)l(* fe)r t!ie* fe»e*ling e)f wcll-lx'ing 
she»rtly after a h(*arty meal. 

Fexxls have an important influence em the ivactiem of the urine. In 
general, protein foexls increase* the ac*ielity of the* urine lH*(*ause* of the 
sulfur and phosphorus they contain. During me*talx)lism the*y are 
oxidized to sulfuric and phospheiric ae*i<is, which tend te» le)we*r the* alkali 
rp,serve of the bloexl. Vegetable foods usually i)roduce an alkaline* urines 
because* of the alkaline ash which they give on oxidation. Even citrus 
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fruits, although highly acid, produce an alkaline urine. The citric acid 
present in citrus fruits is oxidized in the body to (^02 and H 2 O and is thus 
cliininattKl by the lungs. The* alkaline ash of the fruit is responsible for 
the d<*creas<j in aendity of the urine. 

Extremely high aciditi(‘s are found in diabetic acidosis, as a result of the 
largf‘ quantities of /ii-hydroxybutyric and ac*etoacetic acids present. 
Urin<‘s with high acidity contain a large quantity of ammonium salts, 
indicating that ammonia has bt*en used to neutralize acid instead of 
forming urea. 

Specific Gravity. The stK*cific gravity of urine* normally ranges from 
1.015 to 1.0:i0. Thes<» valu<‘s may vary consid(*rably, depending on the 
water intake*. S|K*cific gravity is close ly assoeiat(*(l with th(* quantity of 
solids pr<‘sent. Roughly, t lu* total solids in a lit(*r of urine may be deter- 
mincHl by multiplying the* second and third decimal figures of the six*eific 
gravity by 2.ti. Since* Jiorig suggested this nu'thod, the value 2.0 is 
known as Long’s coeflicient. I sually th(* sj)(*cific gravityof urine isdetcr- 
minc*d by means of a sp(‘ciul type of hydroimder known as a urinometer. 
Ah a ruU* the sp(‘(*ifi<* gravity is itiv(»rs(*ly proportional to thi* volume of a 
24-hour sample. However, this is not always true. One of the charac¬ 
teristics of a dialH»tic urine is a high sptrific gravity assoeiat(*d with a 
larg(* volume. The high specific gravity is du(* to tlu* sugar present. A 
knowlcslge of the v<»lume <if urim* (‘xcret(‘d in 24 liours, fogetlu*r with its 
s[XK'ific gravity, giv(*s a physi<*ian a good idea of how well the kidneys are 
functioning in n*moving the waste products of iiK'tabolism. 

Normal Constituents of Urine. Tlu* composition of the urine varies 
from day to day, de|H*nding uimui tlu* diet. Table 1) gives tlu* mon* 
inqxirtant const it uent.s, tt)getlu‘r with the amount of each in grains, which 
may Ik* found in an av(*rag<* 21-hour sainph* of uriru*. 

Organic Constituents of Normal Urine. Ukka. The most impor¬ 
tant nitrogi*nous constitu<*nt of urine i.s urc*a. Normally tlu* nitrogen of 
urine is presi*nt to tlu* extent of SO to 00 p(»r cent in the form of urea. 
The ureacont(*nt varies wiil<*ly, <l(*|K*ndirig iqion tlu* amount of protein in 
the diet. ()ii a low-j)rotein diet t lu* amount of urea in the uriiu* decreases. 
Tiuler such conditions ur(*a nitrt>g('n may constitute only GO per cent of 
the total nitrogen <»f the urine. I reals a diuretic, which accounts for the 
fiM*t that on a high-protein diet the volume of uriiu* c.xcreted is increased. 
rn*a is U'st di*tennined by converting it into ammonia by means of the 
enzyme urease. The iunmonia fornu*tl is iu*rat(»d into standard acid, 
and the exe<*ss of jw'id titmtcnl with .standai*d alkali. This method, of 
course*, jilso gives the ammonia already pri'sc'iit in the urine. Therefore, 
t<» detenniue urea, luiimonia must also be detennined, and the result sub¬ 
tracted from the total ammonia present after treatment with urease. 
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The amount of urea normally piest^nt in a 24-hour sample of urine is 
about 30 grams. 

TAHLK 1) 

Composition of a 24-HorH Sampij;: of Normal Uri.ne 
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Uuir Acid. Uric acid is one of the important nitrogenous constitu¬ 
ents of the urine. It is the end produet oi piinne inetaholisin in man. 
Tlu» average amount of uric iici<l in a 21-hour sainjde of urine is alxjut 
h.7 gram. This value varies (*<«isideral)ly, d(*pending upon th(‘ diet. 
On a diet rich in nucleoprot(*in th(» value may be mucli highc'r. On a 
purine-free diet th<M*(‘ is still some uric acid in the* urim^. "I’ins uric acid 
comes from th(‘ breakdown of iiuclc»ar material in the body. 

Uric acid is usually jiresent in the uriiu* :is urates. If a sample of 
urine is acidifit'd, uric acid will Ik' set fr(*(‘ from lln^ ural(\s and on stand¬ 
ing will show a s(*dimeiit of red uric aciil crystals. Fr(‘qu(*ntly uric acid 
will ciystallize from normal urine on .stamling, whicli may alarm the fK*r- 
son from whom the sample came, although there is no cause for alann. 
Pure uric acid crystals are white*; the n‘d color of the* crystals found in the 
urine is due t<j urinary pigments incorfMirated in the* crystals. 

Uric a<*iel is a mild re*ducing age*nt; it will r(*duce* Fe'hliiig’s solution. 
This fact should Ik* cemsidertHl in tt*sting urine for sugar. A slight n*duc- 
tiem e)f Fehling’s solution in a sugar te*st may be* due to uric aend. Uric 
acid will not reduce the bismuth suhnitratc of Xylande*r’s reagent; 
hence this reagent is u.seful whe*n denibtful tests fe>r sugar are obtained. 
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In (liacaBe the uric acid content of the urine may vary. In leukemia 
and during oonvaieKCcnce from pneumonia it iH high l)eeau.se of the disin¬ 
tegration of nuclear material. In gout, uric acid is not eliminatiKl nor¬ 
mally by the kidney, with the result that there is less in the urine than 
normal and more in the blocxl. Undc^r certain conditions uric acid 
crystallizc's in the kidm^j's, fonning stones. Alkali salts and bast*- 
fonning foods tend to dissolve these* stones by r(*ndering the urine 
alkaline. 

In birds and reptiles uric acid is the main nitrogenoiLs constituent of 
the urine, taking the plac(* of urea in man. Both birds and reptiles are 
hatch(*d from eggs, niiring <‘mbryonic d(‘velopment the waste products 
of metabolism of the embryo must Ik* rem(»v(‘d. In the embryonic chick 
uric a'‘id accumulates in a sack outside the body in the form of solid urate 
crystals. In mammals the* in(*talK>lic pnKiucts of th(* embryo are tak(*n 
care of by the* motlM*r. Hence it is <l(»siral)l(‘ to have a very diffusible 
end product of prote in metabi)lism in mammals, and urea serv(*s this 
purpose well. 

Another ext)lanation of why uric aciel is the* (*nd prodiu't of protein 
metabolism in birds and reptiles is that uric twid is not a diuretic; that 
is, it is not a substance which stimulates the kidn(*ys. In binls very 
little liquid urine* is passed; the* urine* is little* me)n‘ than a mass e)f inenst 
uric acid e'rystals. lor this re'asem birels are* r(‘li(*v(*el e>f the* ne(»(»ssity e>l 
carrying large* epiant itie*s e)f wat(*r tor the* purpe)se* e>f making urine*. This 
is a decided advantage*, for extra \ve*ight wejuld make it me)re elifficult to 
fiy. A low water re*quirem(*nt fe)r reptiles make*s it possible fe>r them te) 
live in arid re*gie)ns, where* the* supply of vvat(*r is scare*c. 

There appnre*nlly is ne) me*e*hanism fe)r the* ele‘stru(*tie)n e)f uric aciei in 
man; therefore, it is excivteel as sue*h in the urine. In othe*r mammals 
uric iM’id is ce»nverte»d intei aliantoin lK*foi*e* lH*ing excreted. 'Fhus allan- 
toin in other mammals lias the* same significance* as uric acid in man. 
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Creatinine. Creatinine, the anhydride of cri'atine, is presc*nt in the 
urine in ejuite constant amounts for a given inelividual. A 24-hour 
sample of urine from the average adult contains from 1 to 1.25 grams 
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of creatinine. The milligrams of creatinine excreted in 24 hours per 
kilogram of body weight is kno^m as the creatinine coefficient It is 
higher for men than for women and cWidren and is apimrently related 
to muscular development. If creatinine is taken in the fcHxl, the amount 
in the urin<» in»*rt‘ases. Long-continued feeding of creatine increases the 
crt*atinine content of the urine, an indication that creatine is convcrtcxi 
into crcatiniiM' in th<* Isxiy. It is thought that the creatinine of the urine 
originates mainly from th<‘ <*it‘atine of the muscles, although some 
undoubtedly is dorivcxl from the creatinine present in such foods as meat. 
It is thus evid(»nt that there should Ih‘ a relationship bt'twetm the amount 
(jf creatinine excreted and th(‘ amount of muscle tissue prescmt in the 
lx)dy. 

Then' is v('ry little, if any, (*reatine in th(' urine of normal men. A 
small amount is found in the urine of children and in women during 
pn'gnaney. During fasting the amount increase's. 

Variations in tlu* (‘xen'tion of creatinine in disease have been noted, 
but as y(‘t cn'atiniiu' (h'terminations on urine have been ot little value 
in the diagnosis of disc'ase. On the othcT hand, ereatiuiuc' dcti'rmina- 
lions on th(‘ blood arc' of great value in determining the severity of 
certain kidn<\v disor(l(‘iN. A high blood-c'reatinine value indicates a 
very serious kidiu'y condition. 

('rc'atiniiK' gives a <ic('p yellow color with alkaline picratc solution. 
This reaction is tlu' basis of a colorimetric method for the determina¬ 
tion of creatinine'in urine and fdoexl. Creatine is easily converted into 
cri'aliniiK' by he'ating with hydrochlorie acid. After conversion into 
cr(‘atinin(*, cn'atiiK' may also b(‘ determined by the same color reaction. 

Ilippi'uic Acid. Hippuric acid is a combination of benzoic acid and 
glyeiuc. 
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Hippuric acid 


It is present nonnally to the extent of alxjut 0.7 gram in a 24-hour sample 
of urine. It results from benzoic acid, ingested as such or arising from 
compounds in the foc)d containing aromatic nuclei. Benzoic acid is 
detoxicat(*d in the animal body by conjugating with glycine to form 
hippuric acid. The glycine either comes from the protein of the food 
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or may be synthesized by the body. Benzoic acid is of more frequent 
occurrence in vogetabJo tiian in animal IckkIs. Prunes and cranberrie.s 
are C8pi‘cially rich in Ijenzoic acid. Ilippuric acid gets its name l)ecaus(* 
of its occurrence' in horsc' urinc'. I'lu* vcjgetable diet of the horse is 
respoasiiih* for the* high concentratic»n of hippuric acid in its urine. 

Inorganic Constituents of Normal Urine. Ammonia. Ammonia is 
another end prcKluet of jirofc'in metalK)lism found in the urine. Nor¬ 
mally alxiut 0.7 gram of ammonia is prc'scmt in a 24-hour sample* of urine, 
which makes up alniut 4 |K*r cc'nt of the* total nitrogen of the* urine. It is 
usually presimt as the salts of hydrochloric, ph()si)horic, and sulfuric 
acids. According to Nash and Ikmedict and other investigators, th(* 
ammonia of the urine originates in the kidney. The main precursor 
of this ammonia apjK'ars to Ik* the amino tw'ids of thf* blood. In a(*idosis, 
wh(T(* large* (|uantitic*s of d-hydroxybutyric and acetoacetic acids are 
fonnc'd, tlu'.v are eliminat<*d partly as ammonium salts, and therefore in 
acidasis the excreti<in of ammonia is incn*iised. Aciei-forming foods, 
such as the* i)rote*ins, incre*iuse* (he* ammonia e)u(put; foesls with an alka¬ 
line re\sidue* de*e*re*jise* it. Ammonia in the urine* may be de'te‘rmine*el by 
making a samf)le‘ alkaline, .‘wrating the* ammonia into stanelarel ae*id, 
anei titrating the* e*.\c<*ss ewid with standard alkali. In d(»termining total 
«^*idity of the* urine, it is <ift<*n e*ust<miary to iuld to the tit ratable* ae‘idity 
acidity e»e(uivale*nt to the* ainine)nia pre*sent. The re*sulting value* 

e*s a lH*tte*r indie*ation of aciel {>r(Nluction by the* body than titratable 
; idity alone*, be*cause the ammf»nia f)re*se*nl is a nu*asure* of pe>te*ntial acid 
n utralize*d. 

('hu)KI1>ks, 'riie inorganic constitU(*nts of the* urine are mainly the 
seKlium, peitiissiuin, ammeuiium, calc'ium, anei magne*sium salts e>f hyeiro- 
chloric, sulfurie*, phosplieirie*, and e*arbonic ae*i(ls. Of the* salts present, 
Hoelium chloride i)reele>n\ina(e.s. .V 2t-he)ur sample* e)f normal urine* con¬ 
tains fniin l(t to 1 o grains e)f chle>ride* cxpr(*sse*d jus .seulium chleiride. This 
value, e)f e*e)ui*se*, varie*s conside*rably, ele*fM*neling upein the ameiunt of salt 
in the* die*t. If soelium chUiriele is e*arcfully eliminate*d frean the diet, the 
amount of chle^ride in tin* urine* can Ik* re»<iu(*e*d te) a ve*rv low value*. It is 
inte'resting to note that uneli*r the»se* e*e)nelitions the chleiriele e*<mte*nt of the 
bleKwl remains e*einstant lor a e*onsiele»rable |K*rie>el eif time. If seKlium 
(*hle)rid<* is withheld freiin the*elif't le)nge*nough, the e'hleiriele* ceme'i'ntration 
in the* bleiexl graelually de*<*n'a.se*s until firally el(*ath re*.sults. Death is 
appan*ntly elue tei a leiss eif seKlium rathe*r than eif chlorine, lx*caiLse jxitas- 
sium chloride* in (he diet will not replace* the sodium salt. 

Fre»epiently in nephritis chleiride* e*xcix'tion may he diminished, with a 
resulting ine*rease of chloride's in the blex)d. Under such conditions it is 
necessary to restrie*t carefully the amount of salt in the diet. 



INORGANIC CONSTITUENTO OF NORMAL URINE 801 

Phosphates. The phosphates occur in the urine in three forms: 
alkaline j^osphates, which arv the various s(xJiuni, |) 0 ta 8 sium, and 
aninioniuin phosphates; earthy phosphates, which aw‘ the phosphates of 
calcium and majicmsium; unci organic phosphorus, which is phosphorus 
combintHi with organic comjKiunds. The lust-naiiuHl form is present in 
only small amounts. 

The amount of phoK])hate in tlwj urine varies considerably with the 
diet. Normally a 24-hour sample of urine contains alnnit 2.o grams of 
phosphate expre.sse<l as n rule the alkaline phosphates are 

present in about twice the concentration of the earthy phosphates, 
rruler noi’inal conditions the phosphates arv presfint as tlu' mono- and 
(lihydrogeii salts. 'Fho iicidit}' of the urine is due mainly to the dihy- 
<lrog(*n phosphate's pi'r'sent. 

'rhe phosphatt's of tlu' urine comc' mainly from the food. The phos- 
phojir-ott'ins, such as casein, nucleopi-otc'in, and phos})holipids, all give 
rise to jihosphoric acid in the IkmIv. Phosphati's as such in the foinl 
contribute to th(' phosphate' in tlu' ur*ine. Sonu' of th(' jinosphatc' in the 
uriiu' arises from the phosphorus-containing compounds of the lissiius. 

In cc'rtain disc'ases, ('sjM'cially those of tlu* bone, such as rickets, the 
amount of phosphate' in the urine im'rx'ases. 

During tlu' Iat(*i' stjiges of pregnane'y, when tlu h'tal Ixaies are being 
formed, the amount of pho.sphat(‘ in the urine is d(*cn'as(*d. 

From ho to oO jier c('nt of the phosphate I'liminate'd from the b / 

appears in tlu* h'ces, mainly as tiicalciuin phosphate*. Many of 
phosphat(*s in the food an* converled in the intt'stiru*, which is alkali* 
into tricalcium jihosphati*, which is insoluble and is not absorlx'd. Soiru* 
absorbi'd ])hos|)hat(* is (*lirninated dii-(*ctly into the int(*stiiu*. 

Si LFATKs. Sulfur is found in t he urine in thre(* foi ins: inorganic sul¬ 
fates, ethereal sulfates, and unoxidized or neutral sulfur. Tlu* total sul¬ 
fur, t*xpress(*d as SOg, in a 24-lH»ur .sample of urine usually amounts to 
about 2.0 grams but varies with tlu* <lii*t. Most of tlu' sulfur comes 
from tlu* sulfur-containing amino {u*ids in the jiroteiii of the huxl. Dur¬ 
ing the metabolism of th(*.s<* amino iu*id.s, most of the .sulfur is oxidizes! to 
sulfate, so that tlu* amount of sulfate in the urine varie«s with tlu* amount 
of pnitc'in in the diet. 

Alxnit 80 jM'r cent of the total sulfur of tlu* uriiu* is in the form of inor¬ 
ganic sulfates, mainly the calcium, inagn(*.sium, ammonium, sodium, and 
IK)tassiuin salts of sulfuric ac'id. Alxiut 10 jx'r c(*nt of the* sulfur in the* 
urine is in th(? form of .sulfates conjugated with organic compounds like 
indole, skatole, jihenol, and cresol. These* sulfates are known as ethereal 
sulfates. Their formation is undoubtedly an example of prote(!tive syn¬ 
thesis, by means of which th(* luxly detoxicates the noxious substances. 
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Perhaps the most interesting of the ethereal sulfates is indicani which is 
indoxyl potassium sulfate. This compound should not be confused with 
the glucoside, indican. 

0 
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Indican 

Wh(‘.n protoin foods containing tryptophane putn^fy in the intestine, 
indoxyl is formed, which is convertt^d into indican in the lx>dy and 
eliminated in the urine jus such. If a sanipl(‘ of unne* is treated with 
Obermeyer’s reagent, which is Feda dissolvisi in lid, the indican is 
hydrolyzed and oxidized to indigo blue, which may Ix^ extracted with 
chloroform. Ilio chloroform takes on a blut* color, the intensity of which 
defH*n<ls upon the amount of indican pres(mt in thi* urine. This test is 
the basis of a coloriinet ric method for the determination of indican, which 
luus lH‘en wid<‘ly used jus a test hir intestinal putrefaction. 

AlH)Ut 10 |x»r cent of the total .sullur of tlu^ urint' is j)resent in the 
unoxhlized form, ('ompounds included in this group cystin(‘, tjiur- 
ine, ethyl sulhdc, hydrogcsi sulfide, and thiocyamites. l'h(» juiiouiit of 
sulfur pres(»nt in th<' unoxidize<i form is nilhcM* constant from day to day 
and is not innuenc(*d gn'jitly by th(‘ aiiuMint of protein ing(*.sted. For 
this reiuson it has Ikhui said to Jirisc* from thi* l>r(*akdowii of ti.ssue protein. 

C'auhonatks. 'rhe junount of carbonaies in the urine is (*losely r<*lat(»d 
to the died. On jin acid-producing du‘t the amount of carbonate in th(' 
urine is small; on a biuse-forming diet it may be considerable. Alka¬ 
linity of urine* r(\sults largely from the pres(*nce of carbonate»s. The tur¬ 
bidity of alkaline uriiu's is due in part to the pn\sence of the carlK)nates 
of calcium and nuigne.sium. 

Pathological Constituents of the Urine. Glucosk. An examina¬ 
tion of the urine* for certain abnormal constituents is ofte*n of great 
value to a physician in ele*li*cting elis(*jiseHl (*onditions. In the routine 
examinjitie)n e)f urine* a te‘st feir gluceKse* is always imule. Normal urine 
contains a trace* e)f gluceKse* but ne)t sufricie‘nt te) give* a positive test with 
Folding’s eir Benedict’s solutions. The pre\se*ne*e of glucose in the urine 
in apprt*eiable e|uantitie*.s may lx* jin indie*ati<m of pancreatic dialx*tcs. 
In interpn'ting a }x>sitive te'st for glucose in the* urine, however, it should 
always be borne in mind that glucose may be present in the urine of per- 
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sons who do not have pancreatic diabetes. If a large quantity of sugar 
has been eaten just previoas to the test, it is possible for the urine to con¬ 
tain sugar. In such a case the concentration of sugar in the blood 
inerease.s to the pi)int where the sugar threshold is excc^eded. Ni>mially 
the concentration of glucose in the blood at the sugar threshold is from 
HK) to 18() mg. ix'r 10() cc. of blood. In some individuals the sugar 
threshold is much lower than normal; in them glucose^ may b(' a constant 
constituent of the urine. 

During i)regnancy and nursing, ku^toso may Ix' jiresent in the urine. 
Liictose, IxMiig a mluciinr sugar, may lx* mistaken for glucose*. Lactose 
can lx* distinguished from gIucos(* by its formation of a typical osazone, 
by its resjx)ns(‘ to the mucic ju*id test, and by the difficulty with which it 
is ferm(‘iit(*d b}* ciMiimon bread yeast. A sample of urine containing 
liicto.s(* will retain its r(*ducing |X)wer after treatment with y(»ast; one 
containing glucose will not. 

A dialx'tie urim* is usually ehanM*teriz(Hl by a strong nxlueing power, a 
high sp(*cific gravity due to the gluc()S(» j)r(*s<'nt, a large * olume, and a 
light color. It is always advisable to determine the e(Mic,*ntration of 
sugar in the blood wh(*n(*VTr sugar is found in tlx* urine. A higli sugar 
value on a .sarnpk* of blood taken Ix'fore a meal is good evidence that the 
patient has jiarxTt'atic dial)t‘tes. 

Aliu'mix. The condition in which proU'in is found in the urine is 
known as albuminuria. If the* prot(»in corncs from the kidneys, being 
cxcn»ted from the blood, th<‘ condition is known as renal or true albu¬ 
minuria; if it enters the* urine fnnn .some point Ix'low the kidney, the 
condition is known as accidental or false albuminuria. Ihmal albii- 
niinuria is the more* serious tyjK* and is an imlieation of a kidm*y disease 
known as nephritis. A normal p(*rson may hav(* albumin in the urine as 
a n‘sult of exposure, violent (*xerci.s(*, or excit<*mc*nt. Some peoj)le show 
albumin in tlx* urine aft<‘r they have Ixxm standing for some time. This 
is known as orthostatic albuminuria and is apparently nr>t serious. 

Many t<»sts are available for detecting the pres(*nce of protein in the 
urine. A simple*, common one* is the heat-coagulation test, in which the 
upjK*r layer of urine* in a test tulx* is heat(*d ov(*r a fr(*e flame to l)oiling. 
A clouding may lx* due* to albumin or to a pn*eipitation of earthy phos¬ 
phates. On acidifying with dilute acetic ar*id the phos])hates will dis¬ 
solve, whereas albumin will continue to cloud the sample. 

Albiunin in tlx* urine is an indication of impaired kidney function. 
Several methods are available* for determining the ext(»nt of this impair¬ 
ment. One method is known as the phenolsulfonphthalein test for kid¬ 
ney function. In this test a known quantity of this dye in a sterile solu¬ 
tion is injected into the muscle. This dye is excreted only by the kidney. 
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At mti*rval« of 1 and 2 hours aftor the injection the bladder is emptied, 
and the amounts of dye pnw^nt in each sample of urine are determined 
colorimetrically. Thm» amounts an* a measure of kidney efficiency. 
Another method of estimating kidney efficiency is to analyze the blocnl 
for waste pnsluets of m(*tal>olisin normally found in the urine. If the* 
kidneys art* not functioning f)ropc‘rly, tin* concentration of these waste* 
pnnluetH increases in the* blo(Kl. Nonprot<*in nitrogen, urea nitrogtm, 
uric acid, anti creatiniiif* are cominofdy determined for this puri)ose. 

Acktonk liODiKs. The ac(‘torie bodies are /c#-hydroxybutyric acid, 
aeetoacetic swid, and ac<*ton<*. Their rt‘lations]iii) is indicated by the 
following: 
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'Hu* a<*e(<»n(* ImmIu's originate trom tin* lH‘ta oxidation of fatty acids, in 
which ac<*toact*tic ac*i(i is one of tin* final inti'rmediatt* products. Nor¬ 
mally aeetoacetic acid is oxidiz<*d to (’(>2 and under certain con¬ 

ditions, h()w<*vcr, it rediK’tion may take* |)lace with the formation of 
/S^-hydroxybutyric acid, or ft >0 may Is* n*moved, forming iu*(»ton(*. The* 
accumulation of ac<*toacetic ami d-liy<lro.\vbutyric a(‘ids in the blocxl 
reduc(*s its alkali reserve, ])ro<lueing a condition of iwidosis. In dia- 
lH*tes and during starvation acetone bodies arc* commonly prest‘nt in the* 
urine. 

Normal uriiu* contains trace's of jwetonc bodic*s. From 20 to 30 mg. 
of pl-hyciroxybutyric acid may be* prc».M*nt, constituting the greatest part 
of the total a<*etoiie bodic*s. In sc*vere ac'idosis thc*re may lx* 6 grams of 
a<*etone plus acc'toacetic iu*id and 1(M) grams of ^i-hydro-xybutyric acid in 
a 24-hour sjtmpic* of urine*. 

In a routine (‘xaminaticm c»f urine* aci'toiic is usually tested feir. If 
acetone is prese'iit, /:i-liydro.\ybutyric ami a(*e‘toiM*eti(* ac'ids are assumed 
to Ik* pres<*nt. A vc'ry simple* tt*st for iM*etone may lx* miule by adding 
to some urine in a te'st tulx* a few drops of sodium nitn)prusside solution 
and rt'ndering alkaline* \vitli KOH. A deep rixl color, which may Ixi due 
to creatinine or to acetone, d(*velo|>s. If due to acetone, the color n*- 
mains after neutralizing with acetic iwid; if due to creatinine, it dis- 
appt*ai*s on adding the m*id. 
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Hlood. When blowi appears in the urine, red cells may be present 
or only hc^inoglobin. The first condition is called hematuruiy and the 
second hemoglobinuria. In hetnaturia, rhI cells can usually l)e dtv 
tecti'd in a unnar\ s(Hliinent by a iuicrosc(»pic examination. The pres¬ 
ence of red (*ells indicati^ a hemorrhage in the kidxu^v or the urinary 
triwt. Hemoglobinuria is due to Insnolysis, in which the red cells 
rupturt' and th<» hemogl(»l)in is di.'^chargiMl and finally excivtinl in the 
urine. I'his ocoui's in several diM*ases. HIimhI may Ik' dete<*tcKl in the 
urim* by tlu' benzidine or guaiac tests, in whi(*h U^nzidine or guaiae 
solutions are <'idd(‘d to tlu* urin<\ togetluu* with a few dro|>s of hydrog^m 
}K‘roxid(\ A bliu‘ ci^lor indicates the pn‘st*nc(‘ of blood. 

Microscopic Examination. Many intiTcsting things may l(\*irned 
from a micnjscopic examination of a urinary sc^liment. (Sir Fig. 31.) 



Fn. and rastv found in unimrv s<Mlnnrnts: f!) .s<iuainous rpithcliiirn 

frnm the hUiddrr (2) ‘'Uprilicial |M'lvir ccIU, (d) rclls fnaii nc'ck <if hladtlcr; (1) 
n'fial crlN. (.')) piis Oioniud). iti) pus rM*lls (ana'hoKj form), (7) pus crllH 
fnu<‘lni inad«* vi.sibli* witii arfiic a^ld^ iS/ fatly nists, (‘0 rpitla'lial casls, (10) 
l>l(M>d rast.s (11) pu*' ca-sts, il2) waw rasts, (i;i) fmriy granular mats, (14) 
coar«*ly granular oasts, (I.>) hyalino ta.st^, (10) hyahno oast <‘ontaining roiml o<*IIh; 
(17) oyhndroids 


It may contain crv.stals of various kinds, such as phosphates, oxalates, 
urates, uric acid, and amino acids, such a^^ cystine. lOpithelial (i(*lls 
from the lining of various n*gions of the urinary tra(*t may Ik* present. 
Of sjioeial signifieanee are pus eells an<l easts. An oeeasional pus cell 
may bo found in mirmal urine. I’heir pn*st*nee in large* numbe^rs, how¬ 
ever, indicates an infection in the* kidney or urinary tract. A condition 
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df pus in the urine in known ae pyuria. Pas rells are white blood cells 
and can be distinguished from other cells by their nuclei and peculiar 
granular appearance. Urine containing pas asually gives a positive test 
for albumin. 

Under certain conditions the uriniferous tubules of the kidney may 
become filled with maUTial of various kinds. These plugs may finally 
be discharged into the urine* and Ik* pr(*s(‘nt in the urinary sediment. 
They appear under the micro.seo|M‘ jis cylinders with rounded ends and 
arc called casts. Some casts an* hyaline, oth(*rs are granular, and still 
others are filled with pus c(‘lls, epith(*lial cells, or fat globules. Each 
type of cast has its own particular significance. The presence of casts 
in the urine is of great pathological significan(*e. The prc*sence of albu¬ 
min, together witli casts, indicates a more serious condition than the 
presence of easts alone. 

Frequently in a urinary sedinient iMKlies call(‘d cylindroids, which an* 
often mistak(*n for crists but which have no ])athc)Iogical significance, an* 
observed. They ma^ Ik* distingui.slH*d from casts in that they are usu¬ 
ally longer ami narrower, they (end to Ik* flat rather than round, ami 
they frequently have branching ends. 

REVIEW QUESTIONS 

1. Name the (»x<*n’t<»ry of the ImmIv 

2. iXwrilK* the .structure uf tlic kicluey 

3. (tive a theory explaiiunK the foniuition of the urine, 

4. What i« the n lation ef !»loo(l pressure an<! IiUmhI cellouls to urine formation * 

6. What IS ni(*un1 by a thri‘sh()l<J substance** 

6. What IS (he normal v<iIuum' (»f a 24-Iiour .sample of unn(‘*r* 

7. What IS meant by a diuretic, niuiria, |)olyuria, and olijjiina? 

8. T<* what I.S tlu* color of urine <hie‘* 

9. Undi»r what conditions i.s tlu' iinnt^ cloudy? 

10. What IS the odor and Uusto of normal urine? Tiider what condilion.s ma\ 
urine have an .abnornial odor and ta.ste*^ 

11. What IS the n*iiction (/dl) of normal unne? ruder what condition.s diM*s 
the n*m‘tion of urine vary fnuu lairnud? 

12. What is the normal siHM’ific j^ravity of uium*? What do hiKh and low \ allies 
indicate*? 

15. What IS meant by Long’s cot»th<*u*ijt? Of what value is it? 

14. Name the imtwrtant organic con.stituents of the urine. Row man\ grams 
of eiMjh an^ preseait in a normal 24-Iunir Miinjde of urini'? 

16. Name Iht* im)Mirtant inorgamc constituents of the unne. 

16. What is the origin of urinary aminoniu? 

17. Name thn*e' tyiK*s of phosphorus foiiiui in the unne. 

18. Name three tyjsxs of sulfur found in the urine 

19. Di'scrilw a unirnry U*st for int4*.stiiial putrefaetion 

20. Name the pathological constituents of the urine and indicate the signihcanco 
of fMiCh. 
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81. Distinguish among tru«^ false, and orthostatic albuminuria. 

88 . I>)scnl>e the phenolsulfonphthalein test for kidney function. 

88. What dot's one lotik for iii a muTost'opic t‘\amiimtioii of Uu? urine? 

34. What an- ciiats? What is pyuria? 
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CI1AP1T.II XIX 
ENDOCRINE ORGANS 


Many organs in the IwsJy j)ro<liir*c* s(‘crcfioiis which pass directly into 
the I>Io<k1 stream. H(‘cauM‘ lliese secn^tions an* not (*arried from the 
organs by duets, (he organ> nre sona^times called the ductless glands or, 
inon* commonly, (la* endocrine organs. Tla* secr(*ti«)ns of tla* endocriia* 
organs have markt‘d physiological i)rop(‘Hi(*s. 11a* active* constituents 

of tla*se s(*cretioris have lK*en e‘ail<‘<l hormones. 1la*se hormones appear 



Fie,. 32. DiitKOiiiinuitir chart showing the location of the various cnilocrim* 
orf^aas. Fi-oin /wa/iHvoio/of/v and MtUifmltsm by lH*\\i*lly.s F. Barker, M.D. Use<i 
hy iMTiiiUsum ot I). Applettai-CVntury (%>.. New York. 


to Im* Ixxly regulators and an* essc*ntial for the proix»r fuia'tioning of the 
laxly. In fa(*t, many of tla* hormoia*s are (»ssential for life, and death 
will n*sult if tla* organ pnxlueing tla*m is n‘moved. 

From tlx* <‘ritieal standixiint it might lx* sjud that every organ or tissue 
of the Ixxly imxlia*es suKstances which pass din*ctly into the blood 
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Ft ream and which have an effect on other parts of the body. For exam* 
pie, carlx)n dioxide stimulates respiration. From this viewpoint all 
tissues mif(ht \ie looked upon as endocrine organs. However, in this 
i haptor the term endrocriiie organ will W us(h1 in its narrower sense and 
will leftT only te organs which pnxiuce sjiecial compounds of a hormonal 
n'itiirt\ The most important of these organs are the organs of the diges¬ 
tive tra(‘t (the stomach and the intestines), the pancreas, the thyroid, 
the parathyroids, the adrenals, the s<^\ organs (the ovaries anci testes), 
and tlie pituitary. (See Fig. 32.) 


The Digestive Tract 

Stomach. In studying dig(‘stion it will he n^ealled that si'veral h<»i- 
mones wi're mentioiK'd which are ji.NMM‘iated w'ith the production of the 
digestivt* juices, 'rhc secretion of giistri<* jui(‘e hy th(‘ st<»inach is said to 
he due, at l(‘jist in part, to a lionuone found in tin* mucosa of the pylonis 
called gastrin. If ('\tracts of jwloric mucosa are inj(‘et(‘<l into an animal, 
thc‘r(‘ is an iiuaeast^ in gastric s(H*re1ion It is believed tl at the active 
principle of gu'^triii histamine. Histamine is sometimi'''’ injeeted to 
stimulate gastric s(‘cr(‘tion wIh'u a lahmatoiy examination of gastric 
juice is r(Hjuir(*(l for diagnostic })urpos(»v 
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Intestines. Th]*(‘e hormoia's have h(»en descrilHul w’hich are present in 
th<* int(‘stinal mucosa, nana'ly, secretin, cholecystokinin, and entero- 
gastrone. 

Secretin stimulafes the pancreas to produce pancreatic juice. The 
presence of acid in the diKKlenurn causes pancreatic juice to flow. That 
the action is diu* to a hormone is indicat(‘d hy the faet that, if the eircu- 
lutions of two dogs an* crosm»d and acid is plac(*d in the duodenum of 
one* dog, pancn*at ic juice w ill how’ in hotli dogs. This fact indicates that 
the stimulating principh* is earned in the hlood. Also, an acid extract 
of the duodenum, inj<*ctctl into an animal, w'ili stimulate the flow of 
pancreatic juice. "Fla* chemieal nature of secretin is not knowm. 

C'hok‘C 3 ’sh>kinin, a hormone eh>s(»ly assoeiaUnl w'ith sc*i‘n^tin, causes a 
contraction and evacuation of the gall bliidder. It is produced under 
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conditions similar to thcjw* which produce sc^cretin, and its presence has 
been proved by similar nicthcxls. Its chemical nature is not known. 

Enterogastrone is an intestinal lM>rmono which inhibits gastric secre¬ 
tion and motility. It is produc(‘(i w'lu^n undigested fat is present in thi* 
intestine. Its chemical nature is n<it known. 


The Pancreas 

In Chapter XII on carlKjhydratc* metal)olism it was pointed out that 
the pancrc^as produc(»s an internal s(*cretion called insulin, whose function 
is to regulate the oxidation of sugar in th(* animal body. In the abs(»nc(‘ 
of Huffici(*nt insulin the* animal d<‘velofis the* disease known as dial)etes 
mcliitus. 

Effects of Removal of the Pancreas. In ISSt) von Mering and Min¬ 
kowski diseovensi that, if the pancr(‘}is is r(‘move(l, an animal develops 
all the symptoms ot human dialK»tes. T}i(‘ 1)Io(k1 sugar ris(*s, sugar 
app^^ars in the urim*, and tli(*re is a coinpl(‘t(‘ loss of ability to oxidize* 
carlxihydrate*. Tlu* animal loses wesght and is very thirsty, hungry’', and 
weak. The* veiluine* of urine* is gre‘atly in(*re*as(*d, and, l)(*siele*s sugar, th«* 
urine e'emtains large* e|uantitie*s eif ace*te)ne bodie's. There is re*du(*ed 
n'sistance to inf(*e*tioii. 'Fhe* wounds frenn the operatiem be*canu* in- 
fe(?teel and hc*ale‘d with dillieiilty. The* animals died in the coma e)f 
acideisis in 4 to t» we*e*ks. 

Further work to prove that the* pane*r(*as furnish(*s an internal serre*- 
tion was elone by lb'*(l(»n, who o|M*rate‘<i on a elog and re*movi*el me)st e)f the* 
paneiviis; the remaining ])art he* transtVrre'd to a position unde*r the skin. 
As long lus some* eif tlu* pane*re*ius re*niain(*ei in the* boely, (*v(*n theiugh it elid 
ne)t supply pane*r<*atic juice te) the* inte'stine*, no sympfeans of dialx*te*s 
app(*are*d. 

Structure of the Pancreas. The* pane*reas is eomi)e»se*d e)f twe) type's 
of tissue. One, <*alk*<l acinar, preHlue*e*s the* pane*re*atie* jiiie*i*, whieh fle)ws 
through the* pancr(*atic eliiets to the* intestine*, whe»re* it |H*rfe)rins itseliges- 
tive functie)ns. The e)the*r, calk*el islet tissue, wliich has no eommuniea- 
tion with due*ts, is ne)W be*lk'vt*d te) preHlue'e* the hornuaie of the pancreas 
whieh passes dire'(*tly into tlu* bkuMl stre*am. bangerhans, in c'xamining 
staiiu'd st*etie)ns of paneTtais, fii'st ne)fie*e*el gn)ups e)f cells whie*h apiieare'd 
like littk' islets. "I'lie'-se* groufKs of e*ells are now known as islands of 
Langerhans. Since the* ])ane'reatie* hornume' is lM*lic*veei te) Ix^ prexluced 
by the isk*t tissue, it has Ixx'ii c'lUleel insulin. 

Insulin. Many atte'iupts wvix* maeie te» pre*pare» extracts of pancreas 
which could lx* usenl in the tivatment e)f dialx'tes, but little success was 
achievcHl until 1921, whe'n a gn)up of workers at Toronto, Canada, headed 
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by Banting, Best, Coilip, MaoloocI, ami Noble, solved the problem. As 
a result of their work insulin is now produced in quantity and has proved 
a valuable aid in the eontnil of diabi^tes. 

Although insulin ha^^ Uhjii pivpartHl in a very pure form, its chemical 
structure is not known. A1 k* 1 piepait‘d erystalline insulin, which 
appc*ared to Ik' protein in iiatun*. Ji‘ns(»n UJieves that the physiological 
jictivity of insulin is due to a comhiiiation of glutamine and eystim* in the 
molecule. It has Ikh'ii sugg<*s(ed that the S-S linkage* of oy.stine is the 
important chemical structun*. Another vic^w is that tynisine prtvent in 
the molecule i^^ rchitc<l to its iihysioli>gical activity. Crystalline insulin 
contains small amounts oi zinc. 

Beraus(‘ of the fact that it is a protcMii, insulin cannot Ik* taken with 
Inmefit by mouth. Thi* jirotc^olytic enzynu's of the digestive tract 
hydrolyze it so that by the time it is absorlK*d it is no longt*r insulin. 
For the tn;atm(*nt of (iialM*les it is injeetetl into the mus< les. For nu*dic* 
inal puiposes the strength of an insulin solution is expivssed in terms of 
insulin units. A unit of insulin is one-third the amount which in 3 hours 
will low(*r the blood sugar to tlu* convulsivi* level (45 mg. jK‘r l(K) cc. ‘ of a 
2-kg. rabbit which has lx‘en sfarveil for 24 houi>\ 

At pnvst'iit insulin pn‘parations arc standardized by comparison with a 
standard preparation of insulin hydro(‘hloride. l)nc-(‘ighth of a milli¬ 
gram of standard insulin iiydrochloriilc (contains one unit of insulin. 

One of th< diflieiilties eneountered in using insulin is that it is very 
rapid in its aetion in lowering blood sugar, and its t*llcct soon wears off. 
1'herc is great dangiM* that the l)Ioo<l sugar may lx* rcduc(*d too much, 
witli th(* r(*sult that th<* patient goes into what is known jis insulin shock. 
Also the blo(xl-sugar l('vel varies considerably from hour to hour during 
th(* day. For best results pun* insulin must be given before «*ach meal. 
A great advance in insulin jirc’paration was nuule by Ilagcdorn, who 
combineil insulin with protamine. I'liis eombinatioii, >\heri injected, is 
alxsorlx'd slowly, so tliat a day's r(*(|uirem(*nts may lx* injc'ctcd at one 
time and the blood-sugar l(*vel r(‘iiiains (piite (‘onstant during the {XTiod 
U*twc(»n injections. I'hen* is much l(*ss dang(*r from insulin shock than 
with pure insulin. Anotlier form of insulin which n*tains its ludivity 
<*ven longer than ])rotaniine insulin is a combination of insulin with prota* 
mine and zinc. Still another jinxluct which has rec(‘ntly been intrcKluccd 
is a combination of insulin and giobin. (liobin insulin n*tains its arliv- 
ity longer than insulin but not so long as prot amin(*-zinc-insulin. 

The main function of insulin ap|K*ars to lx* th(» oxidation of sugar, for 
which it is es.sential. It is also ncctissary for the storage <jf sugar as glyco¬ 
gen in the liver and muscles. In the aUscmcc of iasulin, fat is mobilized 
in the fat depots and accumulates in the liver and blood. When carbo- 
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hydrateB are not oxidized, the iiody attempts to obtain its energy froii 
the oxidation of fats and kefogc»nic amino acids, witfi the result that ace¬ 
tone fxHiias aecumulatr, giving riw* to a condition of acidosis. 

Hypeuinsulinihm. Although the more common pancreatic disorders 
involve an underprfKluction of insulin, it should la^ pointed out that 
under certain conditions the* pancr(*a< may produce too much iasulin. 
This condition is known as hyiHTinsulinisin. Individuals with this con¬ 
dition have low blocsl-sugar values and may develop symptoms similar 
to insulin shock. Then* is extr(*me W(‘akn(‘ss and a tend(*ncy to faint. 
The author knows of a young man who fre<|uently fainted shortly after 
arising in flu* morning. Fre<pu*nf examinations of his blood revea](‘d 
glucose* valu<*s of around (iO mg. yK*r 1(K) <*c. When he ate glucose bc'foni 
arising, he hu<l no more fainting sjm‘11s. 

In eeruiin ty|K*s of insanity ls^tiefi(*ial r(*sults have lK*en noted by 
injecting insulin suflieient to lower the l)h)od sugar to the ywint of 
shock. 

Other Hormones Associated with the Control of Blood Sugar. From 
the foregoing discus.sion it might he conelu<l(‘d that insulin is the only 
hormoiu* asso<*iated with the control of the blood-sugar l(‘vel. This, 
however, is not I lie situation. Insulin is a blood-sugar depressor. 
S(*veral lioriuoiies from oth(‘r endocriiu* organs have* tlu* op|>osit(* i*iT('et. 
Among them may lx* fnention(*d adrenaline, thyroxin, and a hormone of 
the pituitary. If tlu* panereas i.s remov(*d from a dog, lu* (l(‘V(‘lo])s dia- 
iH’tes. If later the pituitary is reiin>v(‘d, tin* diabetic symptoms an* 
much sulMlued, It is Iwlii'vi'd that ahoriiuuu* in tlu* |)ituitary is antiigo- 
nistic t<i insulin ami that in health then* a balance bctwe(*ii th<*se two 
hormones. When insulin is lacking, the luM'mom* of tlu* pituilary ele¬ 
vates the bloo<l sugar. When both are lacking, blood-sugar levi‘ls an* 
inon* normal. 

It is evid(*nt from what \\a> lH*en .saul that tlu* control of the blood- 
sugar level is a eomplieateil affair n*lated to M*vi‘ral of the endocrim* 
organs. I'he pancreas, theretore, ^houl^^ not immediately U* blamed for 
every variation from normal ot blood-Migar vahu‘s. It is (juite |K)ssible 
that dc*partun* from nuriiuil in bliKMi-sugar values may bt* due to a dis- 
turbanet* in one of the other i iuloeriiu* organs as.soeiati*d with control of 
bhuxl-sugar l(*vel. 


The Thyroid Gland 

The thyroid is a small gland, w(*ighing aUmt 25 grams, locattxl in the 
neck. Histologically it is madt‘ up of elosi‘d ah'voli filial with a colloidal 
material which contains the active principle of the gland. 
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ThjrH" The active principle of the thyroid gland was first isolated 
by Kendall, who called it thyroxin. Later Harington and Batger showed 
it to be a derivative of tyrosine and assigned to it the following formula.' 
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Thyroxin synth(\siz(‘d in tho rhc^ininii laboratory bias tlu* H&mo pliysio- 
logical prop(Ttii*s as that obtaimnl from thyroid jrlands. Thyroxin is 
found in the thyroid ^land in a protoin mat (‘Hal (‘alU'd thyreoglobulin, 
which is the j)rineipal oonstituc'nt of tlu* colloid of the inland. 

Hypothyroidism. If the thyroid f;land d(*V(‘lops iih^ufnci(‘ntly in 
embryonic lib*, th(* child lK*coin<*s a dwarf or cretin. Tlu* l(‘rm ervtin is 
deriv(*d from tlic fact tluit the condition is common on (he island of (’rt*te. 
A cr(‘tin grows slowly and has a low mentality; his hair is scanty and 
coarse*, and his skin is thick and dry. This (*ondilion is ()ft(*n sp(>k(*n of 
as myxedema b<*cuusc <.f the thick, dry skin. It the child is giv(*n thy- 
niids to cat or thyroxin, he do(‘s not lM‘comc a cn^tin hut d(*v(‘loi)s nor¬ 
mally. 'fhis tn*atm(‘iit, h<nvcver, must lx* continu(*d iml(*finit(*ly to 
l)n*vcnt th(* child from dcv(‘lo|)ing into a cretin. 

If the gland is removed < r if it iK'comes subnormal in activity in an 
adult, myxedema d<*vt*lops. Ilu* skin l)eeom(‘s tliiek and dry, tlie hair 
c(jars('n8 and fulls out, and IImtcj is a disinclination to w’ork, citluT 
physically or nK*ritally. There is a t(*ndeney to put on weight. ''Ilm 
metabolic rate is r<*duc(*d, nitrogen metabolism is low(*r(*d, and Ixidy 
temperatun* is subnormal. 

Hyperthyroidism. If the thyroid gland is too active, a condition 
known as exophthalmic goiter result.s. A common symjitom of this 
disease is a bulging of the eyt's, hence* the name. (See* Fig. .Th) The 
dis(*ase is also known as (h’ave*H' and as Bas(*dow’s dise'ase*. The symp¬ 
toms of (‘xophthalmic goiter are just the* opposite* of myxedema. The 
basal metabolic rate is high inste*ad of low', nitrogen me*talx>lism is 
increased instead of diminishe*d, the hair is fine* inst(*ad of coarse*, tlie 
body temperature is alx>ve instead ejf tx*low normal. The patient is 
nervous and irritable instead of sluggish, mentality is above rathe*r than 
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beknr xionnal, and he is underweight rather than overweight. The 
heart beat is generally fast and im^gular. 

r...1 





Fiu. 33. Mxophthuiiuir goilt'i ('ouitrsv «f Dix li. I-* Ft»8^ jind II F. IIuiil, 

Moiiiniml llnspital 


Usually but not always tlu* thyi-oid j^land is (*nlar| 5 o(l in c»xoi)hthalmic 
goiter. This condition can lx* cured l>\ removing pari of the thyroid 
gland; the improvement in the patient by this proeedun* is it*markablc. 

Simple Goiter, 'i'he most e<immon t^p(* ot goiter is known as simple 
or endemic goiter. In this condition there is an c*nlargeim‘nt of the 
thyroid ghmd, which is evinced by a swelling in the neck. In simple 
goiter the basal metalxilie rate is normal or lx*low’ normal. In other 
words, simple goiter is a condition ot hypo- rather than hyp(*rfunction of 
the thyniid gland. In fact, the (*nlaig(‘menl of the thyroid may be 
looked U|H)n as nature*'s attempt to pnaluce the recpiired aiiumni of thy¬ 
roid honnone. The incix'ase in size of the gland is <lue to an increase in 
the amount of colloid pn\scnl; henc<* this tyfK* of goiter is sometimes 
calk'd colloid goiter. The luiininistration of iodine in the form of iodides 





IODINE AND ITS RELATION tO GOITER ttl 

is beneficial. Many clinicians believe that simple goiter is the Sist stBgS 
of exophthalmic goiter. 

Iodine and Its Relation to Center. Since the active principle of the 
thyroid gland is so rich in iodims it appears that an adequate supply of 
this clement in the food is n(‘(‘e.ssaiy' for the propt'r functioning of the 
gland. Iodine is found wi<loly di.stributtHl in fo^ and water, but in 
many regions the amounts prosi^nt are extremely small. Sea water is 
coini)aratively rich in iodine*, iuui along the sc*acoast, where spray is 
carried inland, the soil contains the el(*ment. Drinking water and crops 
from these regions are richer in iodine tlian those from inland rt*gions. 
Simple goiter is much less coinnuin in regions near the si*a than in inland 
regions. 

In th(‘ interior of the United States, ('specially around the Groat 
Lake's and in the Northwc'st, goiter is very common. McClendon has 
shown that the iiici(i('iice of goiter is closcdy ass(K*iated with the amounts 
of iodine in the drinking wat(‘r and in the crops gi*own in any particular 
l(>calit3^ Lake SuiX'iior winter is very low in iodine' e'ontent. It has 
Ix'i'n estimatt'd tluit a pc'i’son would have to drink Lake Su|)erior water 
for 20(K) years to s\ij)j)ly the* iodine normally pre'sent in lus body. 

It has been found that supplying iodine in the fonn of sodium iodide 
in the diet rc'cluees the* in(*id('U(‘e of simple* goiter re‘markably. Marine 
and Kimball conducted a now* (‘lassieal e'xiK'rim(*nt on the school children 
in Akron, Ohio. They int roeluce'd a small t|uantity of sodium iodide into 
the drinking water of 2()(K) school children. The*y w*ere give'n this water 
twice weekly for a month, and this treatme'nt wus n*fx*ated twice each 
year. After s(*ve‘ral years the group W'as examined for evidences of 
thyroid enlarge*me'nt. Only 5 out of the 2(XK) showe'd symptoms of 
simple goiter. Of a similar group not ree'civing the sodium iexlidc 500 
hhowx'd e*videnc(' of thyroid enlarge*ment. Accoriling to these* figures, 
99 per ee'nt ejf the ineide*nce of simple* goit(*r may lx* pn*ve»ntf*d by supply¬ 
ing iodine in the diet. 

Perhaps the most j)racticable* way of suj)plying iexline in the diet is 
by the use* of iodiz(*d salt, w*hich may lx* pureh{ise*d at any gn)cery store. 
It has lx»e‘n said that the inclu.sion of an aele'epiate* supply of ieKline in the 
diet from earl}* e*hildliood would e*liiniuat(* the* occurrence of simple 
goiter. In this connection it .should lx* incntione*d that an adequate 
supply of iodine is ne'ceh'd in the die't during pregnancy in order to insure 
freedom from thyroid trouble in the child. For individuals in whom 
thyroid abnormality is alre'ady presc*nt tiiei usej of ienlized salt is ({ucstion- 
i'ble; it should Ix' taken only iijxm the advi(*e» of a eomfx'tent physician, 
sb, cc in certain ty|x*i$ of goiter the u.se of iodide^s is contra-indicated. 

Iodine is essential not only for human beings but also for aaimais. In 
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Mtchigiui sheep raising was almost abandoned because of the difficulty 
in producing wool of good quality. Ewes bore few young, and many of 
these died soon after birth. Feeding iodized salt to the sheep remedied 
the condition. 

From what has bf*en said it is evident that goiter is a nutritional-defi¬ 
ciency disease. If the relation of iodine to goiter had not been known 
b<*forf» the discovery of vitamins, it is very probable that iodine would 
now be known as the antigoiter vitamin. 

The Parathyroid Glands 

llie parathyroid glands wen* discovered by Sandstrom in 1880. They 
are miniiU^ glands, weighing alKUit O.l gram (^ach, which are closely asso¬ 
ciated with the thyroid gland. They ar(» usually four in numl>er: two 
of tlu^m, ('mUslded in the thyroid glaiul, ari‘ known as the internal para- 
thynsds; th(‘ other two, lying clos<‘ to and iH'hind the thyroids, are 
knf)wn iis the e\'tenj;jl parathyroids. Some animals have more than 
four parathyroid glands, tlu* <‘x(ra ones lK*ing scattercfl along the trachea 
and known as aee(*ssory parathyroids. Because they are so closely 
jtssociat(*d, it is difficult to remove the thyroids without also removing the 
parathyroids. Many <l('aths which have Ix^en attributed to the removal 
of the thyroi<l can lx* (‘xjjlained instead by the nmioval of the parathy¬ 
roids along with the thyroids. 

Effects of Parathyroid Removal. If the ])arathyroids are completely 
r(!mov<*d in a dog, very striking symptoms appear. A day or so after 
the o|M»ratif»!i (lu* animal shows symptoms of intoxication and loses 
muscular control. .\s tins* piuss«\s, tivmors ap|M'ar which become more 
and more violent. 'riM'n' i.^ ailecidisl incresis(» in body tem])erature, and 
n'spiration and heart action Urome mon* rapid. A bloody diarrhea is a 
common symptom. Finally, tm the ninth or tenth day the animal dies 
in convulsions. .\n analysis of the blood shows a decided decn^ast' in its 
calcium content. When^as normal bl<KKl serum contains al)out 10 mg. 
of calcium |M'r 100 cc., after removal of tiu' parathyroids the amount 
may Ik' nslucetl to as low as o mg. This lowering of tlu» blood calc’um is 
undoubtedly th(» cause* eif the tetany which accompanies the removal (f 
the* parathyroids. P<»stmort«‘m examination indicates degenerative 
changes in the kidn<*y and intestinal mucosa, accompanied by intestinal 
hemorrhage*. 

The Parathyroid Hormone. Huit the parathyroid glands arc endo¬ 
crine) e>rgans hius l>e‘(*n shown by the work e)f Hanson and of C'ollip, wlv > 
have isolateel the parathyroiel hormone fre)m the glands. This homic^ne 
is called parathormone aiul is Udieved to be a protein. By means oa' his 
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prepamtionfl CoUip has been able to prevent tetany in dogs in which the 
parathyroids have been removed. Injection of the hormone into dogs 
ait^ti>dy IQ tetany relieves the condition. The hormone also restores the 
bl<K>d calcium to its normal level. Given to normal animals, the hor¬ 
mone causes a marked rise' in blcMKi calcium. If parathormone is admin* 
isteit*d in excess and the hlocKl-ealcium A'aJues rise* high enough, death 
ensues. The calcium entering th(' WockI cfunes fmin tin* calcium in the 
lx)nes. 

An interesting dis(*as(% known as von Recklinghausen’s disease of 
the bone, has bt^en shown to lx* due to overaetive i)araf hyroids. In this 
disease* blood-calcium values an* high, aiui (Ik* lK)ues lK‘coine decalcifitHl. 

It is thus evid(*nt that the parathyroid glantls produce a hormone 
which is closely associated with ealeiiim metalxilism. In this r<\s[N*et the 
parathyroid hormom* resembles the antirachitic vdamin I) in its action. 
Just what r(*lationship exists lK*tween the two is unknown. Many 
clinicians believe that tetany in children may lx* due to subnormal para¬ 
thyroid activity. 


The Adrenal Glands 

The adrenal glands are small organs lo(*ated at th(* upper I'lid of eat»li 
kidney. In an adult they weigh alxiut .‘1 grams each. Kaeh gland is 
(siinposed (»f two parts, an internal r(*gion ea)l(*d tin* medulla and an 
external layer called the cortex. The medulla i.s (*hariM*t<‘rize<i by lH*ing 
stained yellow with potassium dichromate. Tissues which take this 
yellow stain are cail(*d chromaffine tissues; their o(*(‘urr(*ne(* is not con¬ 
fined to the medulla of the adn^nai glands. 

Adrenaline, llie staining of the medulla is due to (he presence* of the 
active principle which it proelucc's. This act ive* princijde or hormone has 
lx*(*n given thi* name* adrenaline or epinephrine. Adrenaline is one of 
the hormones w^hich have* lx*(*n isolate*d jii a pure* form and whosi* ediemical 
structures are kneiwii. Alx*I fii*st pre*pare*el adrenaline* us the* lx*nze)yl 
derivative. Takaiiiine first ise)latc*el it in the pun* form. Aldrich also 
isolated the pun* substmice anel de*te'rmiiie*d its e*hemical structure. 
Adrenaline has Ix'en pivpared synthetie*ally. 
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Adrenaline, when injected into an animal, has marked j>hysiological 
effects* It produces a decided increase in blood pressure and stimulates 
the heart. For this reason it is used in medicine in cases of shock. It 
causes a contraction of the arterioles and therefore is of value in reducing 
hemorrhages. Injected into the blood stream, it induces a rise in blood- 
sugar concentrations which may be sufficiently iiigh to cause glycosuria. 
In cats it produces symptoms of fear, such as erection of hair and dilation 
of the pupils of the eye*. 

One theory of the function of adrenaline is that in times of danger it is 
poured into the blcKxi, causing an inert^aso in the blood-sugar concentra¬ 
tion, 'Phis high concentration of sugar provides fuel for the muscles, 
supplying the individual with energy to carry him through the 
emergency. 

Bphediine. A couifiound very closely related to adrenaline, called 
ephedrine, is found in a ('hincse plant, hJpfmlra vulgaris. Ephedrine is 
used exNmsively in medicine. Its action is mon* {Kjrsistent than that of 
adrenaline. It is ustsl widely as an ingredient of nasal sprays. In head 
colds it is very efTeefiv(» in relieving congest i(»n and opt'ns the air pass¬ 
ages by shrinking the nasal mt^mbraiH^s. Ephedrine has the following 
fonnula: 


H 
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Cortical Hormones. If tlu* adrcmal glands are removed, most animals 
die in about 10 days. For several days after the ojx>ration they appear 
normal. Finally symptom.s of (»xtrenM» (exhaustion ap[x‘ar, and the ani¬ 
mals die*. The administration of mln*naliTie (1(X3S not jirevcnt death and 
apparcmtly has no lK*neficial etlc'ct. llene(% if the adrenal glands pro¬ 
duce a hormone essemtial to life, it must U* something other than adrena¬ 
line. 

In 1855 Addison showed that a et^rtain disease, recognized by a charac¬ 
teristic bronzing of the skin, anemia, low bltsd pressui-e, and lassitude, is 
associated with a degeneration, usually of a tuberculous nature, of the 
adrenal glands. This disi^ase is now known as Addison’s disease. For 
a long time it was thought that Addison’s disease was due to the lack of 
some hormone originating in the adrenal glands. Adrenaline, the hor- 
lAone of the medulla, lias no effect in alleviating the symptoms of 
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this disease. Work by Stewart, Swingle, Hartman, and othm has 
shown that the vital hormone of the adrenal glands is located in the 
cortex. Extracts of the cortex have been made which have remarkable 
effects in prolonging the life of animals from which the adrenal glands 
have been removed and of human beings suffering from Addison’s 
disease. 

Pliysiologically Addison s disease appears to be associated with an 
abnormal metabolism of so<lium. In this disease large quantities of 
sodium are exen^ted in (he urine, resulting in a lowennl concentration 
of sodium in the blood. \Iong with this condition there is mi elevation 
in the blood potassium. Beneficial effects liave bc^en obtained by feeding 
diets high in sodium and low in [lotassiuni. 

Among other physiological effects of lowered adrenal-(*ortex activity 
may be mentioned a d(‘crejise in kidney function, an interference with the 
proper utilization of carbohydrates, and a loss of water from the tissues. 

The active principle* of (he adrenal cortex has lH*en given the name of 
cortin, but ree(*nt work indicates that tlu* activity of cortical extracts is 
not due to a single hormone, but rather to a group of hormones. Several 
physiologically active* conqiounds have lx*(*n isolat'd which are sterol 
derivatives. They are all derivatives of corticosterone, which itself is 
active. 



CortiCfMitrrnrif 


The most ac*tive derivative is desoxycorticosterone, whi<‘h differs from 
corticosterone by having the OH group tied to the ring'replaced by H. 
Of the various derivatives of corticosterone isolated from the adrenal 
cortex none \vill completely n*place cortin in treating Addison’s disease. 
Although desoxycorticosteroni* caases the retention of sodium and water, 
it has little effect on carbijhyilratc metabolism. 

Besides producing hormon<*s which arc e8sc*ntial for the control of 
Addison’s disease, the adrenal cortex produces several hormones which 
have activities similar to the sex hormones. Both male and female sex 
hon'^ones are produced in the adrenal cortex, although they are not 
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identical with thciso produced in the ovaries and testes. A condition 
luir>wn as adrenal virilism develops in women when their adrenal cortex 
producer tcK) much malt^ sox hormone. In this condition women take on 
masculine charact<‘ristir.s. A similar condition may occur in men when 
the adrimal cortex produces too much f<»male sex hormone. In this con¬ 
dition th<* man takes on female characteristics. Sometimes in tumor of 
the cortex male sex hormom‘ is overpr(Klu(‘<d in both the male and 
female. If this situation exi.sfs in the male, the male characteristics are 
accentuated; if in the f(‘mal(‘, the* fc^male chara<*teristics an* superseded by 
those of the male. A conirK)und isolatwl from beef adrenals which has 
male sex hormone* activity is called adrenosterone and has the following 
fonnula: 
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The Reproductive Organs 

It has Ix'en kn<»wn for a long time that the* testes and ovaries have 
important elTects on the* uniinal UmIv. It is now known that thase 
effects an* <hie to honnoru'.s whi<‘h the.se organs produce*. 

Testes; Effects of Removal. If the* te'stt*^ are re*me)ve*d from a young 
animal, tlu* most notice*abIe n*sult is that the see'ondary male sex charac¬ 
teristics elo n(»t elevelop. In man the l)e*ard fails te) gniw, the tone eif the 
ve>ie(‘ n*maiii.s childlike*, and tlu* individual de*v(*lops female characteris¬ 
tics. 'rile* hn‘:ists and hips lH*c<»me large*, and the beidy form resembles 
that of the* f(*male*. In ceM*kh the* wattU*s, cennb, and spurs fail to develeip 
normally, anel in stags the aiitle'rs do ne>t greiw. 

It is (‘omnmn practice* in live*.ste)ck raising tei castrate young animals 
which an* grenvn feir in<*at prenhiction. Castration slows down the 
m(*talH»lie* rate* anel cpiiets tlie tein|H'rament, se> that the animal puts on 
weight nmn* rapidly, 'rhe ine*at of such animals is also eif be*tter quality 
than that eif normal animals. The ca]K)n of the poultry man and the 
stew of tlu* lK*e*f raise*r aie* examples of the effects of castration. 

Male Sex Hormones. iOxtracts eif te\stes and urine have been pre- 
pare<l whi<*h, when injeetcHl intei e*a|M)ns, have a profound effect on 
secemdary sc'x characteristics, especially the gniwth of the comb. Jirom 



THE E8TRUS CYCLE 


821 


these extracts three compounds have been isolated which are believed 
to be the male* sex hormones, lliese com|)oun(l8 ait' assayed by deter¬ 
mining their p^)tency in stimulating the growth of the comb of capons. 

The hormone isolated from the testt*s, calk'd testosterone, is much 
more potent than the other two. Those' isolatinl from the urine arc 
androsterone and dehydroandrosterone, androsterone lacing the more 
latent. I'he chemical structuiv of these ct)m|X)unds has U'en deter¬ 
mined, and they have Ix'on found to U* cycloptmtanophenanthrene 
derivatives. 
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Dehycin »anclrr>iit«ro&e 


Hesides th(‘se three eompounds, .s('vc*ral eom|H)unds pieparc'd from 
sterols an* known whieh hav<* mak* sex horinoiK* aetivity. 

The Estrus Cycle. Ik'iore eoiisid(*ring (lu* f(‘mak‘ sex hormones, it is 
inii)or(ant to kiaov what hai)fH'ns in tin* refa-oduetive orgiins during the 
(‘striis eyek*. The* estrus eyek* is the .s(*ri(*.s of ehang(*s whieh take place 
in the n*pro(luetiv(‘ «>rgans ol the i(*inale over a period, in human Ixiings, 
of alx>ut 4 weeks, 'J4u* (*.strus eyek* first starts at pul>(*rty. B(*iore 
I)ulK*rty the* ova are (‘luUnkled in the* <»vary in the form of minute 
Graafian follicles. At pulx'rty, as a r(*.sult of stimulation by a hormone 
of the pituitary gland, some* ol th(*M' (Iraafian follicles enlarge and move 
toward the surface. 1'lio tissue of the (iraatian folliekjs pnxliices a 
lemale sex hormone* calknl estrone. Finally the feilliek^ ruplunis; the 
eivuni is eliseharg(*el and e*nte*rs the* meMitli of the* Fallopian tulx* l(*ading to 
the uterus. 

After rupturing, the* folliele fills w'lth blood, lafe*r be*ee)m(*s y(*Ik>w and 
for a time inerease‘s in size*, forming a corpus luteum. 'Fhe eorjms luteum 
pmduces a sc*ee)nel female se*x hormone* e*a]le*el progesterone. If the* dis¬ 
charged ovum is ne)t fe*rtilize'd or, in othe*r words, if pre'gnancy dex*s not 
occur, the ce)rpu.s luteum eonfinue3s to gn)W for alK)ut a w<*(*k and then 
re'gresses. This stage is follow(*d by the gn>wth and deivelopment of 
another ovum and (iraafian follicle, and the process is repeated every 
4 weeks in a normal woman. 
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Accompanying the changt^i; ovary, profound changes 

take place in the uteruB, undoubtedly due to the hormones produced in 
the (iraafian hdlicles and in the corpus luteum. The muscular walls 
and the <}pith(*lial lining of the uterus thicken, preparing it for the recep¬ 
tion of the ovum. If fertilization of the ovum dexjs not occur, the corpus 
luteum rc*gre-s.s<*8, and the ovary l)ecomcs normal again. 

About 2 we<»ks after ovulation the uterine epithelium disintegrates 
and is discdiargcnl. 'I'his discharge of the uterine epithelium, which is 
accom[)ani(*d by bleciding, is (^allcid the menses, and normally lasts about 
5 days. AlK)ut 14 days after the on8(‘t of meases ovulation reoccurs, and 
the cycle is reiK*ai<*d. 

7'ht* changes in the ovaries art‘ also acc()mpanied by changes in the 
vagina due to the hormone estronc\ Before the Graafian follicle starts 
to develop, a vaginal smear .show.s many leucocytes, some mucus, but no 
characteristic flat c(‘lls without nuch‘i. Wlum the Graafian follicle 
reaches its maximum sizi‘ and imxluces its gr(Mil(‘st quantity of hormone, 
a vtiginal smear shows no l(‘ucocytes but much mucus and many flat 
nonnucleatcfl (*<4ls. If esfroiu* is injected into animals from which th(' 
ovaries have* Ihmti rcMiKivc'd, the vaginal changes will take place. Thus 
the vaginal*snu»ar imdhod is valuable in assaying estrone preparations. 

Th(* hormones pro<luced by the ovary also initiate development of the 
mammary glands. 

If pivgnancy occurs, the corpus luteum docs not regress, hut con¬ 
tinues to gi'ow. 'riiis condition pn»vcnts furth(»r ovulation, and the 
cstrus cycle* ceases. In the* uteru.s a new' endocrine organ develops, 
known as the placenta. This is a round, flat organ which forms the 
attaehment iK'twmi the mother and the fetus and through which the* 
moth(*r nourishe's the* fetus. The* placenta is a source of female sox 
honnone.s. 

Follicular Hormones. In 1923 Allen and Doisy isolated from the 
liepiiel of (Jnuifian follicles a female* s(»x hormone, which they called thee- 
lin from a (in*e*k weird ni«*aning f(*male. It is now called estrone. Its 
chemical slrue*tun* is known. 






CORPUS LUTEUM HORMONE 


A comparison of the formula of estrone with those of the male sex 
hormones indicates a striking similarity. Esiwne has been found in 
both female and male urine and blood. Pregnancy urine is esptH*ialIy 
rich in estrone. The urine of pregnant marc^ coll(aln^ aUmt ten tinu^ 
as much as that of pregnant women. The urine of stallion.s c'ontains 
nearly twice as much estrone as that of pregnant mares, hist rone is 
present in the placenta, and it is likely that the estrone of prc'gnancy urine 
is derived from this source. 

ITiere has been isolatcKl from pregnancy urine several compounds 
closc'ly related in chemical structure* to c*strono. Three suc’h com|)ounds 
\\ho.se structure's arc' known are estriol, estradiol, and pregnanediol. 
Estriol is aly)ut one-hundrc'dth as active as c'strone, \vhe^'^^^ c'^ftnuiiol is 
about six times as active as evstrone. Pivgnanediol is inactive', histriol 
was fonnerly cailc'd thoelol. 



HO 

Pregimnediul 


Estrone and the compounds just mentionc'd are found in the urine 
conjugated with glucuronic acid. The conjugation is thought to occur 
in the liver. In the conjugated form they are more .solul>le and less 
active than in the pure form. 

Corpus Luteum Hormone. The honnone of the coriius luteum is 
called progesterone. Its main function apjK'ars to Ix' to c'ontinue the 
changes in the uterus started by estrone, pn'paring it for the implanta- 
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tion of the ovum. It also plays Honi(‘ part in the retention of the embryo 
in the uterus. If the cori)us luteum is <I(*sfroyc^J during early preg¬ 
nancy, al)ortion occurs. Progc^st crone st imulat<\s t he development of th(» 
mammary gland at pulxTty, and it is lx‘licv(‘<l that this hormone plays 
an imfK)rtant |)art in th<' development of the mammary' glands during 
pregnancy. 
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Progesterone is closely related ehemically to pr('gnan(‘diol, whieh luis 
lx»cri isolat(*d from pregnancy urine. It is v(‘ry possible that pr(»gnane- 
diol originates from i»rogest<*rone by reduction. 

The Placenta. When |)rcgnancy occurs, the placcmta, which is a new 
organ of internal s(M*retion, dexelops. It produce's the* estrone* whi(‘h is 
founel in such large* e|uantitic*s in pregnane'v urine. It also ])rodue*e'R an 
(*st<*r of e'striol, calleMl emmenin, wlucli is saiel to inhil>it the i)ituitary 
gland in its p?-o<lu<*tieui e f e»vary-sliiuulating liorineaies, thus preventing 
(\strus eluring pn'gnancy. 

The plaei'iita also proehicr.s a hormeme, protein in nature, which is 
call(*d the* anterior pituitarylike principle U'cause* it stimulate*s the* growth 
of (Iraafian lolliele*s, like* the* heirineene* e)f the* anterior pituitary. This 
principle is se’crt*ted in pre-gnaiiey urine* anel is saiel te) he the siihstane'c 
ms|)onsihle* fe»r the* Ascheim-Zondek test for ])re*gnaiie*y. In this te*st the* 
susjx»ete*d urine* is inje*i*te*<l inte) immature mie*e. Jn *1 days the* mice are 
killeel anel the* e)varie*s (*\amine*d fe»r corixua lute*a, as inelie*ate‘d by hlooely 
iuid ye*lle)wisli s|K)ts. the pre'se’nee* e)f wliie'h inelicate's pi‘e*gnancy. In this 
mann(*r pre*gnan( y may U* de*ti*rmiiu*d within 2 e>r 3 weeks after concep¬ 
tion has eH*e*un‘(*ei. 


The Pituitary Gland 

The pituitary gland, ofte*n <'all(*d the* hypophysi.s, is a small organ ab()ut 
the size* of a jH*tt lying at the* base* of the* brain. As it is conne*eted to the 
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brain, its removal i^iiiffieuit without injury to the brain. Structurally 
it is compas(Hl of tfcret* jiaits: the anterior lobe, which is glandular in 
nature; tlio posterior lobe, which n\sf‘nil)l(\s nm’ous tissue*; and the fm 
intermedia, which coniu‘(*ls the* two IoIh*s. A discussion of the hormones 
of the pituitary is dilli(‘ult lK*causc* so many f)hysioIogicaI functions have 
lK*en attributed to it. So many of the activities of the pituitary involve 
the control of other endocrine organ.s that the pituitary is s])oken of as 
the master gland of tla* IkmIv. Since th<* two 1oIk‘s and the pars inter- 
in(‘dia of th(* pituitary have diiT(*ivnt physiolc»gical projK*rties, they will 
U* discussinl si*parately. 

Anterior Lobe. Wla'tiH*!- the pituitary is essential for life is doubtful, 
harly exix*rim(*nts in winch the* pituitary was it'inovinl r(*suh(*d almost 
invariably in tlu* <lcath of tlu* animal. In tiic.sc cases (l(*ath was pmbably 
due to injury to tlu* brain. Later w<»rk, using more rcfiiKHl t(*chnir]ue, 
indicates that animals may survive after the pituitary lia"*' been removcnl. 
If the anterior IoIm* of th<* pituitary is i*(‘mov(*d in a young animai, the 
riiost n()ticeai>le elT(‘(*t is that growth is check(*d; the animal r(*muins 
infantile*; the* sexual organs do not develop. In dogs, pui)py hair and 
milk t(*('th i)ei>i.st for long perioels of time; tlu* brain fails o/ d(*veIop nor¬ 
mally, and then* is low int(‘Higence; nitrogen m(‘tabolism is lowered; 
there is a slower basal metabolic late*; ami Ixuly t<*mp(*ratnr(‘ is lowered. 
In human b(‘ings dwarfism may 1 h* a.s.s<M*iatcd with a subnormal function¬ 
ing of the* anterior lobe of the pituitary. Since* tlu* administration eif 
ante*rior jiituitary pn*])arations will pre'vc'Ut tlu* app(*arane*e of these 
symptemis, we* ma\ e'emclude* that the* ante'rieir lobe* e»f the* pituitary pro- 
duc(*s a heirineiiu* wliieh .stiniulate*s greiwth anel metalMili.sm. If the 
anterior leibe eif the* pituitary is re*nieive*el frean an aelult, the* eff(*(*t, is ne)t so 
noticeable be*e*ause* the* animal alre‘aeJy has its growth. However, the 
metabolic change’s eiceair 

If the* anteriea* lobe* of the* pituitary is teiei active*, mrnarkablc changers 
oe*cur. In young |x*ople* tlu* long Imuu's grow to gigantic pnijxirtions, 
anel exmelit ieins e»f gigantism and acromegaly re*sult. I'he* worel iwreaiieg- 
aly e*oine*s freim twei (ln*e*k weirels ine*aning large* (‘xtremity. In older 
jXHiple* the* nmst iie)tie*e*able* symjitean is a greiwtli eif the* beines in the face. 
(Se*e Fig. •M.) In e*onelitions sue*li as tliose* just de‘Hcril)e*eI, jiartial n‘iiioval 
of the* aTite‘rie>r lolx* by surgery lias lK*(*n founel e*(T<*ctiv(‘ tre*atiiu*ni. 

Ver>' little is kneiwn alxuit the* chemical nature* eif the heirinones of the 
anterior ledx* of the pituitary, but the*y ajiiiear tei lie protein. Just how 
many heinnemos are* pre'se'iit is neit kne)wn. ^Fhat there are scve^ral is 
indicated by the fae*t that various preparations have different activities. 
The following are the* main hormones njcognized to be present in the 
anterior lobe of the pituitary: 
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Fia. 34. AtTonu'Kaly Fioin .1 Manual of Biochemistry by J F. McCleudon. 

C<iuitfsy of Dr J F. MKMeiidon 

Growth Hormone. If tills is iackini; in a youn^; animal, dwarfism 
r(*8uit«. If if is present in to<; large quantities, gigantism or acromegaly 
n‘sults. 

Thyroid-stimulating Hormone. I'his honnone controls the thyroid 
gland. If it is lacking, the thyroid gland atrophies, and the metabolic 
rate iK'eoines low. If it is injerded into animals, the thyroid gland 
«»nlargi»s juid all t he synipt oms of toxic goiter may appi^ar. 

Parathyroid-stimulating Hormone. Extracts of the anterior lobe of 
the pituitary are said to cause growth and increased activity of the 
parathyroiil glands. 

Pancreas-stimulating Hormone. lOxtracts of anterior pituitary cause 
a growth of the islet tissue of the pancreas with an increased production 
of insulin, indicates I by low blcHKi-sugar values. 

Digbetogenic Hormone. It has alit^iuly Ix'en pointed out that several 
hormones art' inv()lv(‘d in the contnil of the blood-sugar level. Insulin 
tends to decn'as(‘ the blood-sugar level; mlrenaline tends to increase it. 
'Fhen' is aNo a hormone of the anterior pituitary which tends to in- 
crtMisi' the blood-sugar level; it is called the diabetogenic hormone. 

Adrenal Cortez-stimulating Hormone. The anterior pituitary con¬ 
tains a hormone which is capable of stimulating growth of the adrenal 
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cortex. Some feel that Addison's disease^ which is associated with 
hypoactivity of the adrenal cortex, may be due to h}7>ofunction of 
the anterior pituitaiy with regard to its adrenal cortox-stinmiating 
boimone. 

Lactogenic Hormone. This hormone has Ix'cn pix^paiixl in crystalline 
form and is called prolactin. It cause's an enlargement of the mammary 
gland. By injections of this lionnonc virgin goats, cows, and dogs have 
l)een induced to give large quantities of milk. 

Gonad-st im u l a tin g Hormones. The gonads an* the* 8(*x glands, the 
ovaries, and the tesU^. In the discussion of the female .s(‘x hornioiu's it 
ww pointed out that the formation of (Iraafian follicles and of cor|K)ra 
lutea was controlled by hormones of the anterior pituitary. In like 
manner the male sox organs arc stimulat(*d by anterior pituitary extract. 
Young animals may lx* caus(*d to mature .sexually at an (‘arly age by the 
administration of anterior pituitary extract. If th(‘ anterior lolx* of the 
pituitary is removed from a young animal, if ri'iuains infantile; if re¬ 
moved from an adult, tlu* .sex organs atrophy. 

Posterior Lobe. Kxtra(*ts of fh(* ix)sterior lolx* of the* piiintary have 
thn'e well-re'eogniz(*d physiological activities. Fii-st, thiy stimulate 
the contraction of the muscles of the uterus, bladiler, and intestines, and 
all other smooth muscles. 'Fhis prop<*rty is known as ox3rtocic activity; 
in medicine these extracts are employed to bring on labor in childbirth. 
Sc'cond, they cause a rise in blood prc*.ssun». I'his property is knowm 
pressor activity; it is utilized in medicine in ovtTcoming surgical shock. 
Third, these extracts have* an cITcct on the kidni'ys kn()W7) as th(* diuretic- 
antidiuretic activity. If rabbits are fed on succul(*nt foods, iiij(»ctions 
of small amounts of thes(* extracts w^ill cause* a t(‘mporary flow of urine*. 
This is an e*xample of the diure*tic activity. In (lialK'te*s insipidus, 
a disease characterizi*d by an e*ne)rinous flow of urine*, inje*ctic>ns of 
the*se extracts will reduce the* flow. This is known as (he* antidiur(*tic 
activity. 

Whether all the activities of the extracts e>f the* |K)ste*rie)r IoIm* ejf the 
pituitary are due to a single hornieme or to more* than eine* is a qti(*stion 
upon W'hich authorities disagree. Alx*l lH»lie*veel that there* is a single* 
hormone. Kamm and his e*ow(irke*rR have l)ee*n able* to eibtain twe> hor¬ 
mones which are quite distinct in their pro|x'rtie*.s. The*y have* lx*e‘U 
unable to d(*signatc their che*inical structure but have* found the*m to lx* 
basic in character and have calle*d them a- anel p-hypophamines. a-Hy- 
pophamine is the oxytocic principle; /3-hypo|)hamine is the pressor prin¬ 
ciple and also is responsible for the diuretic-antidiim*tic activity. 
cr-H 3 rpophamine is also known as oxytocin and pitocin; |3-hypophamiu 
as vasopressin and pitressin. 
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Pars Intermedia. A honnonr eallecJ intermedin^ which has the int(*i 
Cisting property of dilating pigment cells of the* skin of frogs and th* 
scales of fish, has Ix'tm prepansl from the pars intermedia. The inj(»< 
tion of this honnonc* into a frog increase's the size of the pigmented si)oi' 
on the frog’s back. Just what the function of this hormone is in highe» 
animals is not known. 


REVIEW QUESTIONS 

1. Whaf IS un i*nflornrii* orKnii*' Nunn* lln* rmlornin* umJ h*ll 
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2. Nriiin* foiii horinorif*M of lli<* dinostivi* truct and indicate what each does 
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29. Discuss tin* pla(*enta as :in eiidoi iim* oi^i^an 
80. Nann* the three paits of the pitiiitaiy Klaiid 

31. What hormones are fouml in the anterior loin*of the pituitary gland, and what 
IS the function of eat h*' 

82. What IS acromegaly*.' 

88 . Name two hormones of tin* {{^Ksterior lol>c of the pituitur> gland What is 
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C’HAFrEK XX 
VITAMINS 

At the l)o>?innin>? of iIm* f\v(*ntH‘lh miliiry imich of tho fundamentm 
work on th<* calorific rci^uiivnii'iits of the animal body was completed 
It was gen<*rally lH‘liev(*d that an adeejuate di(‘t was one* which furnished 
the necessary calorie's, t(»jj;ether w'ith protein and niin(M*al salts in sufL- 
cient quantities to supfily the ImkIv needs, lunil Fischer, through h - 
monumental work on prote*ins, complicated the jiicture somewhat In 
fiointinf; out that proteins varied in their amino acid content, 'i'h- 
led many workers to investigate the nutritional value of the variou'^ 
amino acids. As a result of this work we* now knenv that the various 
proteins difh'r wide ly in their nutritive value and that it is not suftiei<*nt 
to include a piven weight of any protein in the diet. Protein (piality is 
just as irnfiortant as protein quantity. 

DurifiK the pre'sent century the main advances in our knowledfije <1 . 
nutrition have lieen in vitamins. It has been shown that an adeepiati 
diet for health and proper j^rowth must contain minute (luantities <i 
organic substances other tlian carlwihydrates, fats, proteins, and salt^ 
Because these substances are <‘.ssential for lifo, and because they wen 
originally thought to b<* aminelike in nature, tlaw were given th<* nan i 
vitamines. Since later work has shown tliat they are not iieeessanb 
amines, several workers in the field liave objeeted to the word vitamine 
However, the use of the word has beconn'so widespread that it luis b(‘(‘i) 
retained with the elimination of the final (. Modern literature sjK'ak- 
of these essential f<io<l factors as vitamins. ' 

Early History. Althougli the scientific study of vitamins is a reeem 
development, it is now kimwn that tlieir value has been appreciated foi 
several hundred y<'a!>!. In 1720 the us<' of citrus fruits as a cure fm 
scurvy wius recommended by Kramer, an .\ustrian military physician 
Even in tlmse early d:iys sailoiN knew' that, if they were without fivsl 
fooil for any considerable length <»f time, many of their iiumln'r would b 
alllieted with ship beriberi and scurvy. In 1SS2 an experiment w’as eoi'- 
ducted by the Japanese navy 1(»stu<ly tluTtfeet of diet on the oeeurreiiet 
ef ship lH*rilH*ri. I)uring a workl «'ruiM* there were many eases of iH'riberi 
« n l)<»ar<l theshi|) furnishing th<'old regulation diet, but on ships in which 
fruit, vegetables, barley, and meat had In'cn included in the diet ver\ 
little IjcriU'ri occurred. 
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The scientific development of the subject of vitamins dates back to 
1881, when Lunin demonstrated that mice could not live on a diet com¬ 
posed of purified carbohydrates, fats, proteins, and salts. On the addi¬ 
tion of milk to the diet the mice devc'lojK'd nonnally. Lunin concluded 
that milk contained some unidentifi(Hl substance* c*ssimtial to nonnal life. 
In 19(M5 Hopkin.s of England conducted exix'rimeiits similar to those of 
Lunin and concluded, as did Lunin, that milk containeii some sulistance 
necessary for life oth(‘r than those .sul)staii<‘es then recogniml as essential. 

Perhaps the most important early work on vitamins was that of 
Kijkman, a Dutch physician working in the Dutcln Ea«t Indies in 1897. 
One of tlie mo.st seriou.^ dis(‘j4st*s with which he hiul to (‘ont(*iul was l)eri- 
IxTi. H<* showed that chick(‘ns fetl on polished rice (k'velojx'd typical 
lH*rilK*ri symptoms. If the (‘hickeiis wc*re fed on imjM)lisl)ed rice, tluy did 
not contract the (lis(\‘is(*. He als(» showi^d that the disc^ase (*ould be 
(‘ured or j>rev<‘nt(‘<l l>y the administration of an alcoiioiic extract of rice 
bran. He 1 h lit*v(‘d that the central jiortion of the ric<‘ kernel contained a 
poison which was causing tin* dis<*as(*. The* bran coal of Mk* rice, which 
was remov(‘d during the polishing proc(*ss, h(* lH‘li(*ved to contain a sub- 
stiin(*(* capable of ii(*utraliziiig this ix>is()n. We now know that rice 
bran contains a vitamin which is not pr(‘S(’iit in the oth(*r parts of the 
kernel. 

'flu* name vitaniinc* was siigge.sted by Funk, a Polish c*h(»nii8t, who 
rep(*at(*(i ICijkman’s work in 1911 and isolatc'd from ri(*e polishings a 
crystalliiu* substance, aminelik<* in chemical projaTties, whi(*h had the 
pi)W('r of curing avian ])crib(»ri. Later work hiis shown that Funk’s 
crystals wen* not I Ik* pure vitamin. 

Recent Developments. In 19i:i Osborne and Mendel and Met'ollum 
and Davis diseovensl that (*ertain animal fats, such as butterfat and egg 
oil, contaiiKHl a growth-promoting facfoi not possessed by the vi'gc'tablc 
oils. By 19I() McCollum and his associates sugg(*sted that lhi*re were 
two unidentifi(*d food factors. The* growth-promoting fiu*tor found in 
hutt(*rfat th(* 3 " designates! as fat-soluble A, and the* wate*r-Hoiuhl(* facte)r 
whie‘h cures lM*rilx*ri and is found in ri(*(* bran and y(*asf th(*y (*alied 
water-soluble B. At the* pie*.se*nt lime the^se* two factors aie kne>wn as 
vitamin A and vitamin Bi or thiamine. 

Although it has h(*en kneiwn for many y(»ars that scurvy is in some 
way relateel to the die't, it was ne>t until alM)ut 1912 that it was rece)g- 
nizc‘d as a vitamin-de'ficiency elis<*ase*. Holst and Freiiich, working in 
Neirway (1907 to 1912), sheiwed that guinc'a ])ig8 fed em centals and hay 
devole>peel scurvy. The disease* could Ix^ prev<*nte*d and curcel by fml- 
ing fre.sh foods. Othe»r workers ve*rifi<*d this eibservation, and the scurvy- 
pr(*ve*nting factor is now known as vitamin C. 
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The next disease investigat(*d which was found to be due to a vitamin 
deficiency was rickets. This disease, like scurvy, had been known for a 
lung time. It occurs esix^cially in young children and is characterized by 
poor calcification of the Ixinc^s, which often n^sults in bowlegs. The 
antirachitic vitamin, in accordance with the system already in use for 
naming vitamins, was callcKl vitamin D. 

In 1922 Kvans and Bishop di.s(‘ovcr<Kl a new vitamin which is neces¬ 
sary in the di<*t for rcj)r<Mluction. Without it animals Ijecome sterile. 
This v^itamin is known as vitamin E or the antisterility vitamin. 

Since 1922 many new vitamins hav<‘ discovcTcd. ^Tiat was 
<»riginally < bought to lx* a single vitamin, namely, vitamin B, has been 
found to U- a eompl(*x ina<h‘ up of s«*v(‘ral vitamins, and this group of 
vitamins is often referr(‘d to as thc^ vitamin B complex. 

Perha|)S the most important reecmt discoveries in the field have b(‘cn 
the isolation of most of the known vitamins in the pure form and the 
determination of tlu‘ir <*heniieal structure. Several of the vitamins are 
n<»w Is^ing synthesizcnl in tin* (‘la'inical laboratory and are replacing those 
obtaiiunl from natural sources. B(»eausc‘ th(* vitamins are b(Toming so 
nunuTous, an<l also Ix'cause the eluMuical (*onstitution of most of them is 
known, it is iH^eoming common practice to r(*f(‘r to them by their chemi¬ 
cal nanu's, In fju‘t, hu* some of the' r(‘eent ly dis(*overed vitamins there is 
no alphaU'tieal (h'signation. 

The vitamins may be ehussifie'el into tw'o main groups on the basis of 
solubility. The bit-solubk' vitamins include^ vitamins A, D, E, and K, 
and the water-soluble* vitamins ineliult* the vitamins of the* B complex, 
C, and 1\ 


FAT-SOLUBLE VITAMINS 
Vitamin A 

Effects of Vitamin A Deficiency. Thi- vitamins are dietary factors 
which, if kicking, manifest tlu*ir absence by certain diseased conditions 
or abnormal body functions. If vitamin \ is lacking in the diet, one of 
the fii’st ctTects is a change* in the epithelial (*e‘lls of the mucous membranes 
of the IkkIv. The*.se' membrane's leise* their powder of s('creting moisture 
and iM'Como dry and hardene'ii. This drying up of the mucous mem¬ 
brane's is usually first notict*il in the eyes and cye'lids, which become 
inflamwl and filleel with pus. (See Fig. .‘15.) Finally blindness results. 
Because' of this chariwte'ristic dr>'ing up of the nu*mbranes of the eyes 
the condition has Ix'eii called xerophthalmia, which means dry eyes. 
Infectiems with pus fe>rmation also occur in the glands at the base of the 
tongue, in the siiuLscs, and in the ears. Other sites of infection are the 
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lunKB and respiratoiy tract, the alimentary canal, and the urinary tract. 
Lack of xitaniin A favors the foniiation of urinary calcvili. In gc^ncral 
it may bo said that one of the main funi^.tions of vitamin A is to promote 
the devolopment of healthy mucous membranes which are not easily 
invadcHl l>v i)at[iogoni<* ori 2 ;anisms. BtTaust* vitamin A appc>am to aid 



the body in avoiding certain infections, it has lx»en eallc‘d the anti- 
infective vitamin. Some ]'K*rsons object to th(* t(‘nn because it implies 
that vitamin A has bactericidal proiHTti(»s. "lliis, of course, is not the 
situation; vitamin A prevents infection by aiding in the* maintenance of 
normal, healthy mucous membranes. 

A geru*rc)us supj>ly of vitamin A in the dic't also aids in pivvimting 
colds and other respiratory infections. Other results of lack of vitamin A 
an* physical w(*aknc*ss, loss of app(*tite, failure of digestion, diarrh(*a, and 
r(*tardation of growth and d(*velopment. Vitamin A is necessary for 
normal reproduction and Imitation. In its absc*noe st(*rility results 
bt'causf' of infections and changes in the mucous membran(*s lining the 
genital tract. 

Deficiency of vitamin A in the di(*t has l)een shown to lx* associated 
with a condition of the cyc*s known as night blindness. It is common 
knowledge that in driving a car at night one is often temporarily blinded 
by approaching headlights. It has been found that the time required 






8B4 


VITAMINS 


to recover normal vision under these conditions is longer for individuals 
who are deficient in vitamin A than for those who are well supplied with 
this vitamin. This phc‘nom(‘non has In^en explaimsl as follows; In the 
retina of the eye theni is a pigm(‘nt calif si visual purplCy which is essential 
for normal vision. When vi.sual purple is exposed to strong light, it is 
changed to visual yellow, which is a complex coiiiposf*d of a pigment, 
refinme, and a protein. In order for normal vision to return, visual 
purple must Ik* rf'generated. A part of the retinene is reconverted into 
visual purple, but soim* is convert(*d into vitamin A and other products. 
Vitamui A mav U* conv(‘rt<*(l into visual purple*, but the other products 
are not; hence in the cych* there is a loss of visual purple. How(*ver, if a 
generous supply of vitamin A is prc‘S(*nt in the n*tina, the normal amount 
of visual pur])l<* is quickly n*g(*nerat(‘d. Tlu* vitamin A in the retina is 
combiiif*d with protein, the complex Ihmiik called visual white. This dis¬ 
cussion may lx; repr(;stmted diagram mat ically as follows: 

Visual purple > 

Vitamin A + protein -Retineiu?-f i)rotein 

(Vhtiul ) (VlBual yellow) 

Sources of Vitamin A. An (*xeellent source* of vitamin A is halibut- 
liver oil, sold <m th<* mark<‘t as haliver oil. ('od-liver oil is also rich in 
this vitamin, 'fhe liver oils of many other spf*ei«*s of fisli are rich in vita¬ 
min A; in fact, some fisli-h\ (*r (»ils arc* s<*v(*ral hundred times as ])otent in 
vitamin .V a<*tivity as eo<l-liv<*r oil. vitamin A in fish-liv(*r oils is 

saifl to originate in certain unicellular mariiu* organisms whi(‘h are abh* 
to synthesize this vitamin, organisms serve* as food feir marine* 

plankton which arc e*e)iiMim(*d by small fish; tlu*s(* in turn serve as foeid 
for larg(*r fish. 

Vitamin .*\ or its jirecursors are wieh'ly distribiite'd in eiur natural fooels. 
Fref» vitamin A eiot*s not oecur in plants, but in its plae*e are* compounds 
which an* e*onverted info vitamin .V in the animal body. In sjK'aking of 
the vitamin A conte*nt of fooils, it is customary not to distinguish b(*tw(M*n 
the fn*e* vitamin ami its pn*e*urse)rs. The pn'cursors eif vitamin A are* 
dis(*ussed on the* folk>wing ])ages. 

In the vegetable hiods vitamin A is free|uontly present in direct pro|>«>r- 
tioii to pigmentation. Yellow e*orii e*ontains mon* vitamin A than whit * 
com. The* gnm oute'r leave*s in a he'ad of lettuce have thirty time's as 
imu*h vitamin A as the* e*risp inner ixirtion. The vegetable (‘searoh' has 
the higluvst vitamin A conte'iit of any v(‘gt'table. Spinach and kale are 
also exe'ellent sourccvs. ()f the nxU crofis, carrots and yellow sweet pota- 
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toes are rich in this vitamin. Giwn pt'as, string Inmans, and Brussels 
sprouts contain appreciable quantities uf vitamin A. Among the fruits 
bamuias. (*antalou{M^s, wat<»rmeloiis, tomatoes, luid cherries contain 
alxait as much vitamin A as grmi |)e*as and string iK'tuis. Most of the 
centals and nuts are vc»ry in vitamin A. Animal fats an' as a rule 
ri(*her in vitamin A than vegt'table oils. Vegetable oils whieh have been 
hydrogc'nated are t'S|M‘<*iall\ ptM)r in this vitamin. With the exeeption of 
liver, meats are a p(»or sourc'e of vitamin .A. Kgg yolk and butterfat are 
rieli in thi.s vitamin. Dairy jmiduets arc' the most im]X)rtant soun'C of 
vitamin A in <»ur di(*t. 

Chemical Constitution of Vitamin A. Vitamin A, (uu' of the fat solu- 
bl(‘ vitamins is related cliemieally t(» the hydroearbon p-carotene, which 
is the charaet eristic jtigiiK'nt in carrots. It is interest mg t(i note that the 
oceuiTcnee of vitamin A is closely associated with pigirn'iitatioii in plants, 
^-(’arotc'iie has the* »‘mj)irical formula ('4oH5c» itnd iXy constitution is 
shown by the* iollowing lormula: 
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^-('arotene is not vitamin A but. when eaten by an animal, is conv<»rfed 
into the vitamin in th(* tissu<‘s, es|K»ci;dly those' of th(' live'r, and is stored 
there. If a molecule of f:^-carot(‘ne were sjilit in the cc'nter and the end 
carlwins of the resulting comiKumds w<*r(‘ oxidiz('<l to alcohols, two mole- 
culcs ejf vitamin \ should re'sult. Thus I gram of /:#-carotf*ii<‘ should be 
converted into about 1 gram of vitamin .A. In other words, /i^-earotene 
should have the same* biological value* as vitamin A. Kxfwriinents have 
shown, howevt'r, that iti-carotenc has alK)ut one-half tlu' rK>tency of 
vitamin A. Thus onl\ alxait on(*-half of the /St-earotene fed is converted 
into vitamin A in the Uxly. 
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Vitamin A 


Carotciw* exists in throe forms, known as a-y /3-, and 7 -carotcne. All 
are capable of producinK vitamin A in thv Iwtdy. d-Carotene is a sym¬ 
metrical eomjsmnd made uf) of a long, iinsaturated carbon chain with 
identical ring stru(*tores at (‘ach (*nd of thc‘ carbon chain, a- and 7 -("aro- 
tene diff<*r from /^-earotein* in that one of the ring structures has l)een 
altered. In «-carotc*n(‘ the position of the double bond in one of the 
rings has Ih'vu changed In 7 -carot(»ne one of the rings is open. A 
fourth precursor of vitamin A is cryptoxanthine, a pigment chKsely 
redated clu»mically to the carot(»ne.s It differs from /3-carotene in that 
one of the ring.s contains an Oil group. Since all these precursors 
of vitamin A <lifT(‘r only in th<* .structure of one of the rings, their rela- 
tionsliip.'i may be sliown by giving the structures of the differing rings of 
each. 
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Apparently the ring structure ^ven for j8-carotene is essential for 
vitamin A activity. Since Carotene contains two such rings^ it should 
be capable of forming two molecules of vitamin A. Since a- and 7-caro- 
tene and cryptoxanthine have only one of these rings, they should be 
capable of fonning only one molecule of vitamin A each. 

Vitamin A W 4 is prepared in a crystalline fonn in 1936 by Holmes and 
('orb«*t. The crystals are light yellow in color. 

Wald, working on the pigments in fish eyes, found a new kind of vita¬ 
min A present in the eyes of fresh-water fish. II» suggested (hat the 
common variety called vitamin A] and tlie new vari(»(y A 2 . Ac<*ord- 
ing to Ileilbron, vitamin A 2 differs from vitiuuin Ai in that vitamin A 2 
has two double bonds in the ring in place of one. 

Vitamin A Assay. In order to compare fcKxls on the basis of tIuMr 
vitamin content, it is i*s.sential that some unit of measurenicnt Ikj 
adopted. In the ptv^t much confusiim has resulted the hict that 
several units of measurement have lHM*n tisid. In this book w<‘ shall 
speak of vitamin activity in terms of International units \\hcrev(*r these 
are available. The pot<*ney of a food in a vitamin which is available in 
the form of a pure chemical compound is #'xprcsse<l in term.s 4 )f milligrams 
or micrograms of the pure compouiKl present in a unit quantity of the 
f(x>d. A niicrogram is 0 001 of a milligram and is Kometimc»s refcMnnl to 
as ay (gamma). An International unit of vitamin A is equivalent to 
O.Gy of pun* crystalline /3-carotcne. 

Of th(* various methods for jissayiiig foo<ls for th(*ir vitamin A con¬ 
tent the bi(jlogical method i^ jx^rhaps the most reliahh*. In this method 
3 ’^oung rats are jdaced a diet compl<*te in (‘V(‘ry respect (*xc(*pt that it 
contains no vitamin A. Wlien the Inxly supply of vitamin A is depleted, 
the rats ccas<* to increase in weight, and they d(*vclop the* (* 3^0 disease 
known as xerophthalmia. At this |M)int some ol the* rats are t(*d in 
addition to the* basal diet a known unitage of an Inter nalieaial ref(*n*nce 
standard of vitamin A. These rats start to gain in we*ight, anel tlie eye 
disease* is eun*<i. At the same time othei deplete*d rats are* feel in atldi- 
tion to the basal diet various fixed amounts of the fcMxl to lx* U*st(Kl. 
The amount e»f foexl nxiuired to prcxluce* the* same* biological n*sponHC^ as 
is obtaine*d feir the animals fed the International refere'nce standard of 
vitamin A contaias the same numlx*r of units of vitamin A as an» eem- 
tained in the standard fed. 

Besides the biological method of vitamin A assay there are two other 
methods. One takes advantage* of tlie fact that solutiems of vitamin A 
exhibit a characteristic spectrographic absorption. The material to be 
tested is extracted ^ith a suitable solvent, and the inioasity of the 
absorption is determined. This inteasit 3 ' is proportional to the amount 
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of vitamin A present. The second method, which is chemical in nalure. 
depends upon the blue color produc(‘d when vitamin A is treated witfi 
antimony trichloride. This method is not considered accurate, but it is 
tisefui in obtaining a rough <istimate of tiie vitamin A content of bio¬ 
logical matcTiaLs. 

Requirements of Vitamin A. It cannot 1h^ stated a(*curately what 
the vitamin A requirement is for a normal individual. Still less is known 
atx)!!! the requimment in dist^ase. 

Ac(;ordiug to the C\>minitt(H‘ on F<mk1s and Nutrition of the National 
Hew*arch (/OUTicil, the daily allowance for vitamin A for a normal adult 
should lx* r)(K)0 International units. This amount is equivalent to 3 mg. 
of 0-<*ar(»ten(*. During th<‘ latter half of pregnancy this quantity should 
Ui increased to (MMK) and during lactation to H(MM) I.U. For cliildren up 
to 12 3 'eai‘s of age the allowan(*<‘ varies frmn loOl) to 4500 I.l\ (l(q)en(ling 
ujKm lh(‘ ag<‘. (S<Mi TahU^ 10.) The Ix'st way to insure an adequate 
intake of vitamin \ is to include^ lilM‘ral quantities of j)igmented vege- 
tubl<» and butter iti tin* (li<*t. If th<^s<* foods aie not available, the diet 
may Im* supplement<*d with halibuts or (MKl-liver oil. 

Vitamin D 

Effects of Vitamin D Deficiency. Vitamin D is n dietary factor the 
absence of which is associat(*(l \Nith an ahnonnal condition of the Ixmc.s 
known as rickets. It has tlu^rc^forc* b(*cn ( alh'd the antirachitic vitamin. 
Rickets is a <liseasc, connuon in infants, in which hones fail to calcify 
properly. The main mineral constituent of hoiu's is calcium phosphate'; 
tln‘refore vitamin I) is closely associatc'd with calcium and phosphorus 
metabolism, ^\he*n tlu* Umes fail to calcify prop(‘rIy, th(‘y are soft and 
elastic and beml easily. In ricke'ts tlx* weight of th(‘ body will cause the' 
legs to Imiw. Th(*re is usually an enlargem(*nt of tlx* joints, wliich may 
cause* krxM'k-kix’c. I'lx* ribs U‘comc bcade'd and may be <l(*fornx*<l, 
producing a condition kixiwn as piu.(*on breast. 41x* malfonnation of 
the |K*lvie’ Ixmes in a female* <*hiid may account for difllciilty in child¬ 
birth in adulthood. \Vlx*n tlx* disease dt'velops in later life*, it is known 
as osteomalacia. 

Types of Rickets. Rickeds is aeeoinpanx*e] by d(*finite changes in the 
com}K)sition of tlx* blood. Fsually tlx* phosphorus content of the blootl 
s('nim is much lower than normal. Ricke*ts in a persxm in whom the 
blcK>d phosphorus is low aixl tlx* calcium normal is known as low-phos¬ 
phorus rickets. If tlx* bleHnl ))lx>sphonl.*^ remains nonnal but the cal¬ 
cium is low, tlx* condition is known as low-calcium rickets. There is 
also a third lyfx* of ricke‘ts, in which both tlx* phosphorus and calcium 
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are bw. Thus rickets is associated with lack of phosphorus or calcium 
or both in the blood. It is. then, a disc‘asi' characterizod by improper 
calcitun and phosphorus metabolism. 
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Factors Associated with the Etiology of Rickets. Vitamin D is not 
the only fa(*tor which is assriciatcd with rickets. The amounts of cal¬ 
cium and phosphorus in tin* diet, and es|K*cially the ratio of one to the 
other, are important. On a diet rich in calcium but low in phosphorus 
rickets will develop in an exfNirimentai animal n^eiving a deficiency of 
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vitamin D much mon? readily than in one for which the ratio of these 
elements is Sunlight has also been shown to take the place of 

vitamin I>. Thcn*forc vitamin I), the projxT balance of calcium and 
phosphorus in the diet, and light must all lx* considcrcxl in studying 
rickets. 

Light and Rickets. The stfiry of the* study of the influence of sun¬ 
light on rickets is interesting. It has long Ix'en known that rickets is 
mon* ])revalent in the winter than in the summer. It is also less pi-eva- 
Icnt at th<‘ isjuator than r(‘gioas neai*(‘r the jHiles. (’hildren raised in 
dark tenc'im^nts and smoky citi(‘S an‘ mon‘ suliject to the disease than 
those* raisisl under lK*tt(*r conditions in suburban homes. Investigation 
has shown that only tlu* ultraviolet part of the* sun’s six'ctrum is active in 
pn‘vent ing rick<*ts. In diffuse* daylight unel in a smoky eir cloudy atmos¬ 
phere very little- of the* iiltraviole*t rays eif the* sun is i)r(*.s(*nt. 

Ordinary winelow ghuss is not |x*ru‘trate'd by the* ultraviol(*t rays of the* 
sun. (iuartz or sjx'cial window ghuss, which will allow the* ultraviole*t 
rays tei pass through, inu^t lx* substitute*!! for e>rdinary glass if lx*ne*fit is 
tei lx* obtaine*!! from sunlight iuelesrs. 

Chemical Nature of Vitamin D. It has Ix'e n known fe)r some time* 
that the vitamin I) f)e)((*ncy of fats ane! oils is ])re*s(*nt in the* unsaponifi- 
ablc fnu*tion of lbe*se* lipids. Sin(*e* e*hole*ste‘i*o! is one* of the main eon- 
sti(ue*nts of the* unsaponifialde* frae*tion e>f animal fats, it was theuight at 
fii'st to lx* the* pare*nt suhstaue*e* of vitamin I). IiTiuliatiem of chole*stt*re)l 
with ultravie>l<*t light gave* it antirachitic prope*rti(*s. Later it was 
thought that it was not the* chole*ste*rol which was he*ing ce)nve*rte*d into 
the vitamin by irraeliation, hut traces of ane>tlu*r sterol whicli were pr(*s- 
(*nt. '^riiis othe*r ste‘re)l has lM*e*n sheiwn te) lx* ergosterol, fir.st founel in the 
fungus (*rge)t, whie'h cause's a dise'ase* e»f rye*. iM’gosterol is now known 
le» he* pri'sent in many othe'i* fungi :inel in y(*ast; in fact, it is widely elis- 
trihutenl in plant anel animal tissue's. l'>ge>ste*re)l il.self has ne) anti- 
rue'hitic pe»t<*ne*y; hut, whe*n iiradiate'd with ultravieilet light, it Ix'eome's 
antirachitic. It is lH*li('ve*el that e'rgoi^terol on irradiation is e’emvertod 
into vitamin O. 

Askew anel alse) Winelaus ise>Iat(*d frean irradiated ergeistcrol a sub- 
stanee whiedi the*y ceaisielerexl to lx* the* aetive* principle of vitamin D. 
Askew ealle*el this substance calciferol; hut Winelaus, helk*ving that 
sc*veral antinu'hitie* sul)8tane‘e*s e*xiste*<L <*nllesl it vitamin Di. Later it 
was sheuvn that this substance was ned a pun* ceimpoimel hut e*emtaincd 
either ste'reiL as impuritie's. Finally pure c*aleif<*i*ol was isolated and was 
e*alliHl by Windaus vitamin D^. The femnulas feir ergosterol aiul calcif¬ 
erol show their i*elationship. 
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Latrr work has indicated that calciferol not the only conipount' 
which hits antirachitic j)ro|xMti<‘s. Hills hius shown that cod-liver oil 
and irradiated cr>*ost(Tol are Inith efficient in euriiift rickets in rats, but 
in curing l<'j2;-weakness in chicks eod-liver oil is relativ<»Iy much more 
I)ot(‘nt than irradiate<l erji;ost(Tc»l. In other wi^rds, irradiatiKl (Tp;osterol 
is not wso potent for chicks iis for rats. 

Hiis work siiK^;<*sted that cod-liver oil contains an antirachitic sul)- 
stanc(' different from calciferol. That this is the situation was show'n by 
Waddell, who irradiat(*<l cholesterol and foun<I that th(‘ ])rfKhi(*t fonn(*d 
had antirachitic pr(»p(‘rti(»s which w'ere just as c*ffectiv(‘ for chi<*k.s as for 
rats. It has now been show^n that the aclivatable sulistance in choles¬ 
terol pr(»i)arat ions is 7 -dehydrocholesteroh wdiich diffcTs from er^^ostcrol 
in that it has no double Ixind and one less methyl grouj) in the side chain. 
Windaus has prepared th(‘ active compound by irradiating 7 -dehydro- 
cholesterol and has called it vitamin I>3. Recently vitamin 1)3 has l)een 
isolated from tunafish-liver oil; therefore apparently vitamin D3 is the 
naturally occurring; product. It has been pointed out that calciferol has 
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not been isolated from natural products It is quite probable, however, 
that it will be found to occur nuturall> Vitamin Ds is now made com¬ 
mercially and 18 used in the manufaitun* of vitamin picpaiations and in 
hvestoek feeds 
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B<foif UaviiiK till's Mibj<< t it should Ik pointed out that other sterols 
hi 4 \< Ixen pi( pan d \\hi( h in i\ lx made antirachitu b> irradiation It 
iHthusappannt thit tlu intii ifhitic prop(it\ isiiotdiu toasmslc com- 
|Miund but |K)ssi!) 1 \ to souk (haiMtiiistif Kioupininan\ diffeicnt nioU- 
cules Ihischii wtuistK ^!oupina\ lx the optn-rmgstiuduu oi calcif¬ 
erol and \itaniin I); 

Tiigosttrol, 7 -d(h><li< choltstdol and other stciols aic sometimes 
Hpoktm of ah provitamins D It is thought that soint ot these proMta- 
mins are pnstnt in sn ill <iuantitns m tlx animal IxxU Whtn tht 
lK>d> IS exposed to ultinioltt in idiilion somt of them ait changed to 
Mtamin T) 1 hus \ it in in P sMitht si/t d m tht Ixxh and tht it is no 
mtd ftir adtling toiutiiti itts m the fotxl j)io\nlttl that tlit bod\ has 
Ixen expostd to huflit It nt sunlight oi iitilit lil ulliaMtilt t iiradiation 

Viosterol. \ \tr\ imixut int eoinnuitial source of\itamin I), tailed 
viosterol, is no>\ t ii the maikt t It is madt b\ irradiatinge igostt lol and 
diluting it in m iizt oil \iosttnl is usinlh maikt ted in a stiength 
expitsstti b\ tin Itrm 2')(1 I), which nt uis that it has a Mtamin D 
}M)ten( ^ 2')0 time s that t)f t < tl Iim rtxl W ht n \ lostt rol is give n in infant 
f(M fling it should U notttl tint it is not a(omj)klt substitute foi cod- 
livit oil whidi is also a nth souret of Mt unin A 

Irradiation of Foods \itamin I) mav also Ix' svnthesized in foods 
bv submitting them tei ultiaMtilet inaeliatiem Manv fexiels neiw em the 
maiket tune had tluMi vitamin D eonttnt increase el bv inaeiiatmn 
Rece'ntly nuthexls ha\o Ixen eievelojxd feu inaeliating liciuid milk, 
increasing its vitamin D conte'nt niaiiy time's Feir the artificial pro¬ 
duction of ultraviolet light carbon-art and mcrcury-arc lamps aie used 
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Souices of Vitamin D. most iniixirtant natural source of vita* 
min I) is ctKi-liv<T oil. It should Ix' notinl, ho\vever, that the cod is not 
the only fish whow liver oil is rich in this vitamin; in fact, tlie liver oils 
of many fish an‘ rich sources. I'he iHKly (»ils of stirdine and herring 
hav(' also bt*en shown t(» have a high vitamin 1) |x>tency. Kgg j'olk is 
another rich sounv of vitamin D, ranking second in imixirtaiice to cod- 
livcr oil. Milk and milk pnHluets, although relatively low in vittunin D, 
are imjx)rtant sources of this vitamin IxTaiKse of the large quantities 
(‘oiisunuHl. Vegetable oil< and plant foods are |HH>r soujxts. The vita¬ 
min D c(»ntent of milk may 1 k» increased by adding vitamins Dq or 
directly to th(‘ milk. 

Effects of High Vitamin D Intake. W ith tlu^ growing use of irradia¬ 
tion t(» incnxise lh<‘ vitamin 1) |X)tency of foods the question arises 
wlu'ther an (nerconMimption of this vitamin is injurious. Theie is 
(‘vidence to indicate* that excessive doses will cause calcification of other 
tissues besielcs boiu‘S. Tor (‘xample, tla' walls of the bloeal vessels may 
bc(‘om(* calcifual, producing a condition known as art(*riosclcrosis or 
liard(‘ning of (lu* art eric*,s. IIowcvci% the amount of vitamin I) re<iuired 
to bring about these elh'cts is so large* tliat then* is lit lie danger injury 
from taking vitamin 1) ]m‘i>arations. 

Stability of Vitamin D. Vitamin 1) is r(‘lat.ivc'ly stable*. It is not 
(^*stroy(*(l lo any ai>prcciabl(* extent by lu^at or oxidation, as ascorbic 
acid is. Foods wliicli have b(*(*n eoc»k(*d, (Irkal, or ston'd letain most of 
their vita.nin 1) potency. 

Vitamin D Assay. In assaying foods for flieir vitamin 1) activity the 
biological metlexl is follow(*<1. »'^in(*(* rats aial chicks react differently 

toward (litTcr(*nt antirachitic substances, tin* choice of animal dciK'nds 
u}K)n the results desired. \VlH*n rats are us(‘d, young rats an* ])laecd 
on a di(*t lacking in vitamin I), high in caleium, and low in ]>hos))horu8 
but ade(piat(‘ in ail f>tlier r(*siM*els. .Moderate* rickets develoj) in 18 to 
21 daj's. Some of the rats an* the*n feel a kne)WTi eleisage* eif an Iiiter- 
natiemal ref(‘r(*nce* st.anelard, anel eHlie rs varying ameaints of the* fe)od to 
Ik* test(*el. In about a we‘ek the* animals are* (‘xamin(*el. The* amount of 
fewwl which pnKluces the* same* amenint of lit*aling as dew's the ref(»r(*nco 
standarels is said to contain the* same numlxT of units e>f vitamin D as 
waseontain(*<l in the* re*fe*r(*nce stanelard fi'd. 

The Inte*mational re fe*n‘nce standarel is a 0.01 p(*r cemt sohitiem of irra- 
diat(*d ergosterol in olive eiil. The activity of 1 mg. of tliis standard is 1 
International unit of vitamin D. This is f*quivale*nt to 0.0257 of calcif¬ 
erol. 

Cod-liver oil ce)ntains about 1(K) I.U. of vitamin D per gram. Tuna- 
fish-liver oils contain from 10,000 to 01,000 units per gram. Pure calcif- 
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erol contains 40,000^ and pure vitamin 26,000, units per milligram 
when rats arc used as test animals. 

The preHcnee of riekets and the progress of healing may be deter¬ 
mined in several ways. X-ray pictures of the long bones show lack of 
calcification of the iiudafihysis of the lx>ne. As healing proceeds, calci¬ 
fication Ixjcomes nonnal. Figs. 36 and 37.) This method is of 

value liecause in using it the animal is not injured. A method which is 
more common is to kill 1h(^ animal and make a longitudinal section of a 
leg bone. This sf»ction is staineni with silver nitrate and exposed to 
lij^t. Th(' calcified part of th(‘ l)one is stained. Normal bones have a 
well-f*alcific‘cl metaphysis, and a narrow cartilaginous lino, known as the 
cpiphys(*al line, is wi<U* and irregular. As healing progresses, the calcifi¬ 
cation of the metaphysis iK^eoiiies normal. This test is known as the 
line test. 

A third meth(Hl is to d<‘temiine ash on fat-free bones. Rachitic bones 
are much lower in ash than normal Ixines. By comparing the ash con¬ 
tent of a rachitic hone with that of a normal Ixme for any given age it is 
possible to (*stiinate the* degree of rickets. 

Other in(‘thoils which have* Ixxm used include the determination of 
blood-serum phosphorus and the (mzyme phosphatase. In rickets 
phosphorus values ar<* low, and phosphatase* values are high. As the 
rachitic condition improves, these values approach normal. 

Vitamin D Requirements. 'Fhere is no definite information as to the 
vitamin D re(juin*ments of a nonnal mJult. For fx'rsons who have no 
opjiortunity for expeiseire to clear sunshine and for elderly persons the 
ingestion of small amounts of vitamin I) may be desirable. Other adults 
pn»bably have litth* n(*ed for \ itamin D. 

According to the Oommitt^s* on Foods and Nutrition of the National 
R<»S(!areh (’ouneil, the daily allowance* for vitamin D should Ix' from 400 
to 8(X) I.r. for young children. This amount is equivalent to 10 to 
20y of calciferol. The* same* allowan(*e is suggeste*el for women during the 
latter half of pri*gnaney and during lactation. (See Table 10.) 

Vitamin E (a-Tocopherol) 

Effects of Vitamin E Deficiency. Vitamin E is a dietary factor the 
absi'nee of which in the diet rc»sults in ste^ilit 3 ^ The announcement of 
this factor wius nuide by Evans and Bishop in 1922. In their work with 
rats they femnel that sterility in males is elue to a elestruction of germ cells 
and finally the si'niiniferous epithelium. Sterility in the female is due 
to a resorption of the fetus. Ovulation, fertilization, and implantation 
of the ovum on the wall of the uterus occur normally. In poultry, eggs 
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FUf 36 riokrts VImjvo, tail Ikiiios of tho rat, Ix'loik, iho fomur Note 

how cal<ifitHition pnKivtis from left ft) tight CVmiUisy of Dr N B Ciuorrant. 



Fig. 37. X-ray pictun^h of a rarhitir and a normal rat. showing that there is poor 
calcification of all bones in the body in nckets CourU^sy of Dr N. B. Guerrant, 
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which contain little vitamin K show low hatrhability, and those that 
batch produce young with low vitality. Besides interfering with repro¬ 
duction a lack of vitamin K in th(» diet may caiLse degenerative changes in 
muscles. Masele filx i-s ati-opliy and ar^ roj)laeed by fat and connective 
tissue. These changcis are oftc^n acioompanied l)y paralysis. Accom¬ 
panying th(j.se chang(*s is a decimasc* in muscle creatine and glycogen and 
an increase* in phospliolipid and c*hol(‘sterol. 

Vitamin E is of little* importance in human nutrition l)ecausc it is so 
widely distribut(*d in foiKlstuffs and l)(*caiis(‘ it is r(*(|uired in minute 
quantititis. However, it has b(‘en used to prevent abortion in women 
and in cattle. 

Sources of Vitamin E. Vitamin E is widely distributed in nature. 
The richest source of this vitamin is wlieat-g(*nn oil, wh(‘rc it is concen¬ 
trated in the nonsterol fraction of the* iin.sapoiiifiabh* fniction. (Irecn 
leavt*s, cen*al grains, and nuts are rich sources of this vitamin. In the 
animal Uxly it is not pr(*s(‘nt in appnriable amounts in the internal 
organs, such as the* li\ci, lait f«am<l in the nmselo and fatty tissues. 
Milk is not a good source of vitamin K. 

Chemical Nature of Vitamin £. Vitamin V) is the most stable* of the 
vitamins. It is not d(*strov(‘d by aciel or alkali, the process of hydro- 
g(‘natioii, or b> healing to It is partly <l(*str()yed by long expos¬ 

ure* to uhravi<»let irraeliation and by oxidizing agemts. 

('Iiemically it appears that vitamin li is not a single compound. 
Evans, Enu’rson, and laneTson liave isolatisl from \\he'at-ge*rm oil three 
relale*el e*omf)ound^ which show* vitamin E activity. 1’he’y have l)ccn 
name*el a-, p-, ami ^-tocopherol, ol which the* alpha form is the nmst 
active*. At least one* oth(*r toeophe*re>l ha.s be*(‘n re*porte*d which slu)ws 
vitamin E activity, 'l lius it woulel .app(*ar that vitamin activity, like 
vitamin D activity, is due* to a e*e*rtam tvpe* (»f e-ejinpounel, ratht'i* than te) 
any e»ne spccilic compound. Smith, Engnaele, anel Pricharel have sug- 
ge'st(*el the* following Ibrmula for (¥-toe*ophe*rol: 
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It has lH*en note*<l hv Ole*ott and Mattill that, when fats develop oxi¬ 
dative rancidity, their vitamin E activity is destroyed. It will be 
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recalled that in the disruissum of <ixidativ*c rancidity of fate it was pointed 
out that this typ<* of rancidity may inhihittxi by the presence of traces 
of certain easily oxidizabh^ s\il>staiici^ caiUnl antioxi<ian(8. It is known 
that the toeoj)hen)ls j>osstvss antioxidant iw^tivity, but it is probable that 
other eoiniK>unds iMvsides those jKisscvssms; vitamin K activity are also 
active as antioxidants. 

Vitamin E Assay. Since sterility is apparently related to other factors 
Ix'sides vitamin K, it lias lwH‘n (liffi(»ult to (lt‘velt>p an adequate metluHl for 
the assay of this vitamin. II<)W(‘V(T, a biolo^rii'a! nieih(Kl which de|Hiids 
upon the curative ('fTect in rats previou.sly fisl a diet tleficieiit in vita¬ 
min E may Ik‘ us(si. S^'veral chemical metluKls have also Ikvii sur- 
fjested. One m(‘iisun*.s the iiit<‘nsify of ixhI color produccnl wlien t(K‘o- 
pherols are oxidiztnl by nitric acid. 

An International unit of vitamin E which is tlie iwfivity of 1 mg. of 
a-tocopherol acetate has Imm ii Miggest<‘d. This amount, administered by 
mouth, prevents r<‘sorption ot tin* h*tus in a rat. 


Vitamin K 

Vitamin K >\as<liscf)vensl and name<l by Dam, who(*alle(l if K l)ecau.s(* 
it was assoeiated with blond coagulation. (The (MTinan word for coagu¬ 
lation l)(*gin.s with a K.) In (hi^ ciMintry AIm(|iiist was the first to 
work with this vitamin. Hoth Dam and Ahinpiist worktsl with chickens. 

Effects of Vitamin K Deficiency. When vitamin K is deficient in tlie 
diet, th(* lime re<iuired for tlie blood tc» clot is increascsl. Aecomjianying 
slow clotting there is a <l(*creasc in the concentration of prothrombin in 
the hloo<l. It will be ix'called that prf)throml>in isac(»mpound associated 
with bUxal ^'lotting. It i.-^ Im'Ih'vc^I that vitamin K is (\ss(‘ntial for the 
formation of prothrombin, d'he mo.st imjiortaiit symptom of vitamin K 
deficamey is hemonhagi*. In chicks the condition results in bleeding 
around tlu* pin feathers and licsnorrhage into the tissues. 

In man there often is a d<‘fi<’i(‘ne> of vitamin K in obstructive jaun¬ 
dice, wh(*re the How of hilc into the* inte.stiiH‘ is intcTfered with. In the 
al)s(‘nee of liile vitamin K is not absiirlKsi prop(‘rly, and thiLs prothrom¬ 
bin is not .synth(\sized in normal amounts. In gall bladder oiMTations 
death often rc'sults from laanorrhage. A<iministering vitamin K Ixjfore 
this oiM*ration grc'atly reduces mortality rates. 

Frequently the protliromhin content of the* blood of infant.s is very 
low, and death may occur lK»caus(* <»f hemorrhage resulting from birth 
injuries. Infant mortality from this cau.s(* may lx* greatly reduecxl by 
feeding vitamin K to the infant or to the mother lx*fore delivery. 
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Yitamin K d^xss not prevent all typos of hemorrhage. It is effectiv» 
only where the slow clotting r)f blood is due to a lack of prothrombin 
The hemorrhage of scurvy and of hemophilia is not affected by vita¬ 
min K. 

Chemical Nature of Vitamin K. Then* an* several compounds which 
show vitamin K activity. Two imi^ortant ones have lx*en designated 
vitamins Ki and K2* All an* derivat ives of 1 , 4 -naphthoquinone. 



Vitamin Ki Is 2-im*thyl-Ji-phytyl-l,4-naphth()(iuinone. 



In vitamin K 2 the phytyl side chain is r(‘plae(Ml by another side chain. 

Menadione, which is 2-metliyl-!,l-naphth()(juinorio, is just as i)otent 
molecule for molecule iis vitamin Ki itself. Thus it ap|x»ars that the 
structun* presc'nt in menailione is the* e.s.sential structure for vitamin K 
activit}^ 



0 
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Fhttiiocid, a compound isolated from tubercle bacilli which shows 
aatihcmorrhagic properties, is a hydntxy derivative of menadione. 

() 

II 

Ha 
11 

!1 

() 

Phthioool 

The vitamins K an‘ fat-soluble. They an' stable to heat but are 
de.stn)yed by strong ju*ids and base's and by oxidizing agcnt.s. They are 
sensitive to sunlij^hl and to ordinary eleetrie light. 

Sources of Vitamin K. '^riu' Ix'st soun'i* of vitamin 1\ is green leaves, 
sueh as those of alfalfa, spina(*h, and oat sprouts. Xegetable oils are 
also good sources, ('(‘real grains, carrots, i)otatoes, and milk, on the 
other hand, are poor sources of this vitamin. 

Assay of Vitamin K. In ai biological method commonly uscxl, chicks 
are placed on a vitamin K-d<*fici<'nt di(‘t, which is continued until the clot¬ 
ting time of the blood is at h'lust tU) minuti's. Tlu'n the hnnl to l)C tested 
is added to tlu' ilii't, and its (*tT<‘ct on the clotting time is noted. A unit 
of vitamin K is th<' weight of the' vitamin n(»('essary to reduce the clotting 
time of vitamin K-d(*ficient chicks to 10 minut(‘s. 

Chemical nu'thods of assay have also Ih'cii suggested. One depends 
u|K)n the brownish color produ(*(‘d when the vitaimin reacts w^ith sodium 
ethylate. 

Since vitamin K is widely distributed in nature, a deficiency of it is 
ran* in normal adults. J..ittle is known alxjut the n*quirc‘ments for this 
vitamin in health. 

WATER-SOLUBLE VITAMINS 

Vitamin B Complex. It has Ixxn pointc'd out that in the early days 
only two vitamins were thought to exist: one, soluble in fat, called vita¬ 
min A; and another, soluble in water, ealh'd vitamin B. Vitamin B 
cured bt'rilx'ri in man and ixilync'uritis in other animals. As work pro¬ 
gressed, it 8<K)n became aj)parent that the water-soluble fraction of many 
fcxxls cures or prevents several other diseases. It has now been shown 
that the water-soluble fraction contains several si)ecific compounds or 
vitamins, each of which is associated with the cure or prevention of a 
different disease. Thus what was originally known as vitamin B has 
become a complex of .several vitamins, known as the vitamin B complex. 
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MoHt of the vitamins prcisenf in the vitamin B complex have been iso- 
lated in a pure form and th(Mr (*lH‘rnicai structures determined. It is now 
customary to refer to fh(‘m by their ehemical names. Another system 
of naming which has gaincsl wide usage is to refer to some of the B vita¬ 
mins by subnumerals, such as Hi, H 2 , and Ho- 1'his system of naming is 
gradually being abandoiusi. 

Thiamine (Vitamin Bi) 

Effects of Thiamine Deficiency. Oik* of the first symptoms of thia¬ 
mine deficiency is a Ir)^- r)f ai)i)(‘(itc‘, iK'companied by an impairment of 
the digestive* processevs. 'fhere is a d(s*rease in gastrointestinal motility, 
which may result in con.stipatien. For this reason the administration of 
thiamine often all(‘vial(‘.s coiLstipation. The* loss in ap[K»tite is accom¬ 
panied by loss in weMght and lutigiu*. The* loss in weight is due not only 
to a <lecreas(‘ in foo<l consumption, but also to a la(*k of the growth- 
promoting stimulus of thiamine itself. In nursing mothers there is an 
impairment of growth of the* young due to a d(*fici(‘ncy in the milk supply. 
Sterility may d(*velop in tlu* temak* lu'cause of a c(\ssalion of the* estrus 
cyck'. 

The most striking symptom of thiamin(‘ deficiency is tlie development 
.of a nervous disease known as polyneuritis, which, in man, is also called 
beriberi. (See Fig. liH.) Ik'riberi is charact(*rized by loss of appetite 
and a progreM.*>ive loss in weight. The* extremities IxTome numb and 
fiaralyzcMl and often swell, 'fhis condition is ac(‘onij)anied by d(‘finite 
degenerative changes in the nervous tissu(*s. In animals tluat* is a loss 
of mu.s<*ular coordination, a ret i act ion of tlu* h(*.‘wl, and linally paralysis. 
In laboratory work pigc’oiis are u.mmI to (k‘monstrat(* thiamiiu* ckTiekmcy 
ratlier than rats. In pigtHin.s tlu* jiolyneuritic symptoms dev(‘lo]) early, 
W'hert'us in rats loss of w(*ight aiul death may occur iK'fon* the nervous 
symptoms devekip. If a rat is k(*pt alive by small dos(‘s of thiamiiu*, 
howev<»r, the fKilyneuritic symptoms finally d(*velop. Autopsies < f ani¬ 
mals dying from thiaminedeficiency .show' im|>ortant pathological changi*s 
in the various lagans of tlu* ImhIv. C)ne of the ni().st important change.s 
obst'i veil is atrophy of tlu* endocrine organs. Tlu* adr(*nal glands, show¬ 
ing hy|H*rtrophy, are an exception. 

A d<*ficiency of thimnine causes an enlarg(*ment of the heart, together 
with a slowing of the heart beat. Both these conditions are cpiickly 
ivin(»di(.*<l by supplying the vitamin. 

Thiamiiu* is clos<*ly associated with carlniliydrate metalK)lism. It 
apparently form.s part of an enzyme .‘iy.stt'iu which is nec(*.K.sary for the 
decarlKjxylation of pyruvic acki, im internu*diate comiumnd of carl)o- 
hydrate metaUilism. In the al)s<'nee t>f thiamine, pyruvic acid accumu- 
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lateB in the nervous and other tissues. Ihe neuritis accompanying thia¬ 
mine deficiency is said to Ixi due to this accumulation of pyruvic acid. 

Many cases of neuritis may lx* due to a thiamine deficiency, and re¬ 
markable cures have lxH*n rerwrted from administering large doses of this 
vitamin. Perhai)s tlu‘ lx\st example is the typ(‘ known as alcoholic 
neuritia. Peopk* who drink alcoholic beverages in excess satisfy their 
appetites with alcohol and do not consume sufficient thiamine-containing 
foods. If the thiamine deficien(‘y lx‘coin(»s sufficient, they develop a 
severe neuritis. Spectacular cures may be obtained by injecting large 
doses of thiamine. 

Sources of Thiamine. Thiamine is widc^ly distributed in natural 
foodstuffs. The Ixssi natural sources are brewer's y(»ast and wheat germ. 
Eggs and whole* grains an* goexl .sources of this vitamin. In grains, 
thiamine* is cemcentrate*(l in the ge‘rm and se*e‘d ce>at, and there is rela¬ 
tively little* in the* e‘rielospeim. lle*ne‘e refine‘d flours are poe)r sources of 
this vitamin. Fruit«, milk, and ve‘getables are fairly rich in thiamine. 
White bread is a poor source* of thiamine*, anel vegetable fats and oils cer¬ 
tain litthi or none*. 

Effect of Heat and on Thiamine. The* thiamine* c()nt(*nt of foods is 
destreiyed to some* e‘xte*nt by he*at. The* hydre^gen-ion concentration of 
the mixture* is an important fae*te)r in this ele'structie)n. The vitamin is 
much more* stai)le* in a(*i(i than in alkaline solution. In erne e*xperiment, 
w^hen the feieiel un(le*r inve'stigation was he‘ate'(l tor 1 hour at 1()()°(\, the*n* 
was alxjut 10 ix*r e’e*ri( elc.strue*tion at a /dl of r).2; 30 to 40 {K.*r cent 
destruc*tion at a pW of 7.0; GO to 70 ix'r ce*nt de*struction at a pll of 9.2; 
and ne*arly KM) iH*r ernt ele\structie)n at />11 10.9. 

Storage of Thiamine in the Body. \’e‘ry little* thiamine is stored in the 
Ixxly. In the* absi‘ne*e* of this vitamin in the (lie»t s^miptoms of defi¬ 
ciency sexin ap(H*ar. For this ivasou it is ve»ry im]K)rtant that the food 
contain a eonsttuit supjily of this vitamin. 

Chemical Nature of Thiamine. The* chemical eoastitution of the 
antilx*riberi factor of the* vitamin B ceunple'x was eletennined by Windaus 
and by Williams. Williams has synthe*size*d it and has called it thia¬ 
mine. The feirrnula for its hydreiehloride* is as follows: 
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Thiamine hydrochloride is a white ciy\staliine compound which melts 
at 248® to 250®C\ It is stable in ac*i(i solution and may b(‘ heated to 
10U®C. with very little loss in biological activity. At higher tempera¬ 
tures it gradually docompos(^s. 

Thiamine Assay. The International unit of thiamine is the activity 
tH|uivalent to 3y of the crystalline substance. For the assay of foods 
various chemical meth(xls have Inxm suggested. The chemic^ methiKl 
which is most generally uschI is the thiochrome method. In this method 
the thiamine in a food extract is oxidiztxl by potassium ferricyanidc in 
alkaline solution to thiochrome, which giv(is a bluish fluorescence in 
ultraviolet light. Thf‘ intensity of the fluorescence is a measure of the 
concentrati<»n of tiie thiamine i)rcsent in the extract. 

The most nearl}' satisfa(‘tc)ry methods for nu^asuring the thiamine 
artivity of a food are bas(Hi upon biological n‘spc#nsti. One method, 
which is widely uschI, is to stud}’ the growth n^sponse in rats in a manner 
similar to that descriln^d for vitamin A iissay. Other methods determine 
the curative effe<*t on pigeons and rats suflfering from ix)*yneuriti8. Still 
another method makes u.se of the fa(*t that thiamine incrc'ases the rate 
of the heart beat in thiamin(Ml(*fieient rats. 

Thiamine Requirements. As was true of vitannn A, th(»re is no defi¬ 
nite information concerning the exact oj)(imuin requirements of thiamine 
for man. Hough estimates are available for the* thiamine requirements 
in health, but very little is known about those in disease, although there 
is evidence to indicate' they may lx» much greater for a disc'ased than for a 
liealthy individual. Oowgill lK'Iieve.s that the thiamine requirc'ment is 
proportional to the calorie intake. 

According to the Committee on FoexLs and Nutrition of the National 
Research (\)uncil, tlu' recommended daily allowance for thiamine in the 
diet of a man should Ix' from 1,2 to 2.0 mg., depending upon his activity. 
(One milligram of thiamiiu* is (xpjivalent to I.r.) For women the 
allowance is 1.1 to 1.5 mg. In late pregnancy the allowance should 
be 1.8 mg., and during lactation 2.0 ing. Children from birth to 12 
years should have fixim 0.4 to 1.2 mg., defX'nding on their age. (Sec 
Table 10.) 

Until recently it has been assumed that thc' average diet contained a 
sufficiency of thiamine. However, it is now believed that more atten¬ 
tion should bi' paid to the intake of this vitamin. Even on a well- 
balanced diet the intake of thiamine barely covers the minimum require¬ 
ments. When we consider the fact that in the manufacture of flour the 
bran and the germ of wheat are rc'moved and tliat these are among the 
richest natural .sour(;e.s of thiamine, it is obvious that the average Ameri¬ 
can is not getting the thiamine which nature intended for man. 
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Riboflavin (Vitamin 63 or G) 

If yeant, whicii is a ri(*h source of thiamine, is heated in an autoclave, 
its thiamine acitivity is di*stroy«*d. fh'wever, the resulting material still 
has biological activity in that it is essential for growth and will cun* 
pellagra in man, hlaektongiK* in dogs. an<l a iK‘llagralike skin condition 
in rats, fnsnicntly ref(‘rr<'d to as acrodynia. This h(‘at-stabl(‘ factor in 
yeast was originally called vitamin B 2 or vitamin (1. We now know that 
even this is a complex of s(*v<‘ral vitamins. The name vitamin B 2 was 
given ti) this faeliii* by lOnglish biochemists to distinguish it from thia- 
miiu*, which lhe> eaII<Ml vitamin H]. The mime vitamin Cr originatcjd 
in the I’nihsl Stat<‘s and vNas given in honor of (loldbcrger, who did 
piomsjr work on is^llagra, a disease which he show^cd to l>e due to a 
deficiency of the vitainiri eomplc^x in the diet. 

Ath'fnpts to isolate pun* vitamin B 2 l<‘d to the discovery of a crystal¬ 
line pigiiient ealle<l riboflavin. It is a (‘ompound consisting of flavin 
and th(' pentose sugar riliose. Biological t(‘sts indicate* that riboflavin is 
th(* prinei|)al growth-promoting c*onstitu(‘nt of tlu* h(*at-stable fraction 
of the vitamin B 2 complex, but tiint it <1<m‘s not cun* ]M*llagra in man, 
blaektongm* in <logs, or llu* p(‘llagralike skin condition in rats. At the 
pres('nt tinu^ rilK)flavin, vitamin Bo, and vitamin (1 are considered 
id<*ntieai. 

Effects of Riboflavin Deficiency. Th<* main erh‘et of riboflavin defi- 
eieiiey in the di(‘t is retarded growth. (Mlier symptoms an* tin* (h‘velo|)- 
ment of sores an<l cracks at tli<* eorncTs the mouth and (*ye tnjuble. 
Thi* eyes b(M*(»m(* inflamed, .‘ind then* are dimness of vision and sensitiv¬ 
ity to light. In |M»ultry, rilxdlavin d(*tieien(*y <liminis)i(*< <*gg ])rodiietion 
and hatehability and caus(*s ^*curled-toe ])aralysis,” which interferes w'ith 
w’alkingand ev<*ntually cause*s<loath. 

That rilMitlavin is an important vitamin is indicated by the fact that it 
is identical with a constituent of a respiratory enzyme diseoverc'd by 
Warburg and < liristian, tin* so-called yellow enzyme. The n'spiratory 
eiizyim* consists of riboflavin (‘ombimMl w^ith phosphoric acid and a pro¬ 
tein. It tlMTcfore appears that rilxiflavin is essential in order that the 
IkhK* may syntliesize* this imi>ortaiit enzyme. 

Chemical Structure, liiboflaviii w^us fimt isolated in 1033 by Kuhn. 
In lOoo it wius synthesizenl by Kulm and by Karn*r. It is an orange-red 
solid and is wid<*ly distributed in low' eonet*nt rat ions in both plants and 
animals. In ililute .solution it gn*enish yellow' and shows a 

gHM'iiish yell(»w fiuoreseenee in ultraviolet light. It is the substance 
resjionsible for the gri*enish color of egg white and milk whey. 
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Its chemical structure is indicated by the following formula: 
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KilKifluviu is stal)lo to iu‘nt, aciils, anti oxidizing agents la ‘ destroyiHl 
hy alkalies and light. Jt Ix'tai ostiinatt'd that iis inu(*h <>() ])«»! trnt 
of this vitamin in footls may lied<\stroyfd liy eotiking. 

Sources of Riboflavin. As would Im‘ fxpt'etf^d, rihodavin is usually 
found assoeiatt‘d witn tltiamint'. Ytnist is ptahaps th(‘ best souree of 
riboflavin. ()thcr gootl sourfos a?*(‘ milk, b(*(‘f liver, egg yolk, l(*afy V(‘ge* 
tables, anti b(‘<*f muscle. ('ertvil grain.s, such as wheat, corn, and rice, 
contain smaller amounts of this vitamin, which is pn*sent in largcT (piaii- 
titi(‘s in tilt' gt'rm anti bran than in tht^ endosjH'rm. J^gg white contains 
rilwiflavin but iitit thiamint*. 

Riboflavin Assay. 'Jht* rilMiflavin conttmt of foods may 1 h‘ deter- 
ininetl by b'oiogical or cht'mical mc'thotis. In tht* bitdogical method 
dt'pletetl ytsong rats an- ft tl various amounts of tin* ftsMl to Ix' tested. 
t)lht‘r rats are fed a ration ctiiitaining a known wt'ight of tht* ])un» vita¬ 
min. "i h< amount < f fet'd which will give tht‘ sanu' growth n‘S|K)nse jis 
th(‘ slant!,-.,*! t nta’ns tli.* same amount <if ribtdiavin as is prewait in the 
slaiula.ii. 

A chemical nH'lhtid df'iM'iitls ufHin the inten.sity of fluorescence of an 
extract of th(‘ f»iod in ultraviolet light. 

A microbiological mt'thod mea.surcs the amount of lactic aci<l pro- 
duci'd when certain hictic acid biu't«Tia act on a susjM^nsion of the food in 
watcT, "rhf'Si* bacteria reciuire rilKiflavin and produce la(*tic acid in 
amounts profxirtional to the rilKilIavin presc'nt. 

Daily Requirements, 'i'he daily allowances of ril)oflavin r<‘coni* 
incnded by the Committee on Foods and Nutrition of the National 
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Research Council is, for a man, from 1.6 to 2.6 mg., depending upon hia 
activity. For a woman the amount is from 1.5 to 2.0 mg. This quan¬ 
tity should be increasc»d to 2.5 mg. during late pregnancy and to 3.0 mg. 
during lactation. For childnm up to 12 y(*ars of age* the allowance should 
be from 0.6 to 1.8 mg., depending on age. (S(!C Table 10.) 


Niacin (Nicotinic Acid, Nicotinic Acid Amide, P-P Factor) 


Pellagra. Pellagra is a di.s(*asf* prc'valent in central Europe and among 
the |)oorer classic in the sfiuthern Tnited State.s. It is characterized hv 
skin lesioiLs, infiainmation of the 4lig(\slive tract, and in iuivanced stage.s 
by nervous and mental disturbances. 

Since rilxifiavin dm*s not eun* |M*llagra in man, and since the vitamin 
B 2 complex doi*s, it is evid<'nt that anoth(*r factor iniLst ho responsible for 
tliis effect. (joldlK‘rger called the iK‘lljigra-i)r(*venting constituent the 
P-P factor. LaU'i Elv(*hj(*m isolat(*d from liver nicotinic acid amide, 
wliich he has shown to he a cure for blacktongue in dogs, and others have 
shown that it and nicotinic iU'id will cure certain forms of pellagra in man. 
It app(*ars, then'fon*, that another vitamin h<is lK*en i.solatcd and identi¬ 
fied. In order not to eonfuM* nieotinie aeid with nieotine. the vitamin 
has lK»eii giv<»n the riaiiu* of niacin. Although both nicotinic acid amide 
and nicotinic acid arc* activ^e, nic<»timc acid amid<* is preferred in medical 
practice Ix^eausi* it is lH‘tter toleratcnl than nicotinic acid. 
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It will lx* iecall(*d that in tin* <liM*u.s.sion of carlxdiydrate metalx)lism it 
was pointed out that nicotinic* ;wid amide formed a part of a coenzyme 
which was vital to the jiroce^s. licit* again, then, we find a vitamin 
which is an (*8sential eom|H)nent of an 4*uzyme system. 

Although niswin apix*ars to lx* the main factor involved in ptdlagra 
prevention, it has lx'<*n found that much lM*tt(*r rc'sults are obtained in 
treating jiellagra if thiamine, rilxiflavin, and pyridoxine are includ(*d 
in the diet. Thus |x*llagra may lx* due to a lack of several factors, not 
niacin alone. ('orn and fat |X)rk contain little of the pellagra-preventive* 
factor; then'fon* |x*ople who live larg«*ly on a diet of corn, molasses, and 
fat pork are espi*ciaUy subject to the disease*. 
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Niacin ia one* of the most stable of the vitamins. It is quite stable to 
ac^ids, alkalies, oxidizing ugimts, heat, and light. 

Sources of Niacin. One of the Ix^st w>ure(*s of niacin is liver. Other 
gcKKi 80 urce.s an' >east, le:in meats, U^ans, fx^anuts, soylx'ans, and wheat 
germ. Poor semrees an' white flour, com meal, and fats. 

Niacin Requirements. The <laily allowance of niacin recommended 
by th(' C'oinmittee on F<M>ds and Nutrition of the National Kescwch 
C'ouncil is. for men, from 12 to 20 mg., depi'nding on their activity. 
For women the allowance is from 11 to 15 mg., with 18 mg. for the latter 
half of pregnancy luul 20 mg. during iai'tation. For childnm up to 12 
years the allowance varies from 4 to 12 mg., deix'iuling on age. (See 
Table 10.) 

Niacin Assay. Tin' biological method for niaf'in assay is based upon 
the curing of blat ktongut' in dogs. Appan'ntly rats do not require nia¬ 
cin in their diet. Dog*^ an* fed a diet d<'firient in mii<*in until black- 
tongue develops; th(‘n the food to lx* tc‘.^ted for its niacin content is 
iulded to the di('t, and tlu* amount requiml to eun* tht' <li.seas(' is nottnl. 
\ good chi'inical nu'thod d(‘]M'nds uixm tlu‘ faet that niacin r(*iu*ts with 
cyanogc'ii bromide and aniline to form a yellow comjxamd which may be 
<h‘termined colorimt'trically. 

Enriched Flour. During thc' milling of wlu'at to produce flour a con¬ 
siderable pro|Kjrtion of the vitamins originally presc’nt in the wheat is 
lost. In ord(‘r to ov^ercome this obji'ction to the ii.se of white flour many 
millers aie plac'ing on the markc't an enriclK'd flour to which has been 
;uld(si thiamiiK'. riboflavin, niacin, and iron. I'o be sold as enriched 
flour, 2.0 to 2.5 mg. of thiamine, 1.2 to 1.5 mg. (»f riboflavin, 10 to 20 mg. 
of niaein, and 13.0 to 10.5 mg. of iron must lx* addl’d iM*r KK) grams of 
flour. It should Ix’ iiotc’d that during milling other factors are removed 
from wheat which arc* not cianfx’nsati’d for by the above additions. 
Thu.s ennclu’d flour dix’snol equal theoriginiil wheat nutritionally. At 
the pre.sent tiiiK* the government is eontemplating the enriehment of com 
meal anil rici* for the Ix'uefit of those who liv(’ largely on these foods. 

Pyridozine (Vitamin B^) 

At one time it was thought that thi' ix’Ilagraliki' skin disease in rats 
known as acrodynia was analogous to [X’llagra in man. Since nicotinic 
acid amide dix’s not I’ure thi’ skin eondition in rats and since vitamin B 2 
complex (lo(»s, it is evidimt that still anolh(*r factor is involved. This 
factor was first called vitamin Ho; but now, since’ its (’hc’micai nature is 
known, it is called pyridoxini*. 

Pyridoxinc was isolated in crystalline form by Ken’sztesy and Steveas 
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in 1938. These investigators and also Kuhn and his coworkers detf i 
mined its chemical struefuro in 1939. 
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A glance at the formula for pyridoxine shows that it is a pyridiiu* 
derivative and is thus closely r<‘lated chemically to th(* p(‘llagra-pi*ev(‘u- 
tive facioi, niacin. Pyridoxine has Ixs^n synthesizes! l>y Harris and his 
coworkers. 

Effects of Pyridoxine Deficiency. Lack of pyridoxine' in the diet pro¬ 
duces in rats a skin condition in which the nose, tips of tlu' ears, and fee*! 
lose their hair and Ix'comc* re<l and swolk'ii. Other conditions w'hich 
have bc*en obs('rv<'d in otlu'r animals im*lud(' aiM'inia and fits of an ('pik'p- 
tic tyfx'. Symptoms in human In'ings include mu’vousness, wvakness, 
abdominal pain, and difficulty in walking. 

That pyridoxine* may not be tlu* only factor involv('d in acrodynia in 
rats is indicatisl by the fact that the* <lis('tuse can bo cured much more 
(piickly if th(* so-calksl (‘.ss(*ntial unsaturat(‘d fatty acids arc* fc'd along 
W'ith pyridoxine* It may 1m* that linolc'ic and Imolenic m‘ids w'dl be 
found to lx* vitamins and that acro<lynia is tlu* result of a dc'ficic'iicy ol 
Inith pyroxidine and tlu*s(* unsaturated latty acids 

Pyridoxine is not aHeeteil by heat, a<*id, oi alkali but is destroyi*d liy 
oxidizing ag<*nts 

Sources of Pyridoxine. 'Fhe U'st s^»un*e of pyridoxim* is bn*\v(‘rV 
y<*ast. Other go<ul .sources an* liv<*r, pork loin, li*g of land), l(*an b(*ef, 
and w’hole-wlu‘at bn*a(l. Milk and lealv vc*gc*tables contain uppreeiable 
cpiantities of tliis vitamin. 

Pyridoxine Assay. Pyrido.xiiu* may lx* assaycM by det(*nnining i1^ 
curative efteet on acrodynia in rats or by d(*t<*rmining its grow'th-pix)- 
inoting proix*rti(*s on certain ba<*tc»ria. A chemical iiu*thod dejx'nds on 
the color producc*d whc*n p> ridoxine reacts with a dc'iivativi* of cpiinone. 

Requirements. Little is known alumt the human retjuin*ments foi 
pyridoxine. It has l)i*en suggc'sted that 1.9 mg. ix»r day is luiequate. 

Pantothenic Acid 

In 1933 R. J. Williams dc'seribcxl a substance, wid(*ly distributed in 
nature, which stimulatc'd tlie growth of yeast e<*lls. He called the sub- 
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stance pantothenic acid. More recently it has l)een shown that panto¬ 
thenic lioid is (^^ntial in the diet of c^hiekens. If it is lac'king, chicks 
develoj) a donnatitis. Scales a{)|x^ar at the (‘orni'rs of the mouth, and the 
neiKhlxaiiiK skin lx*eoim\s intlanunl. ’'Flu* chick dies in 2 or 3 wei'ks. 
Feediiii; calcium fmntotInmate cures the Ciindition. 

Pantothenic {M*id also apfx'ai-s to Ih^ ess<‘ntial in (he diet of rats, dogs, 
and swine. In rats imd hixi^s black hair turns gray when pantothenic 
a(*id is (‘liminattHl from the <liet. 'Fhe gray liair turius iilack again 
when calcium pantotlicnate is fed. It is iH‘lievcd that pantothenic acid 
is imfMU'tanl in human nutrition, hut little information is available on 
this subject. 

Chemical Composition. Panfothc^nit* acid has bet^n isolatiMl in pun* 
fonn, and its chemical structure <h‘f(‘nniiu‘d. It may l»c di'scrilx'd as a, 
p(‘ptid(’ combination of /i-alaniia* and o, 7 -<lili>dr(»\y-p*dinu‘thyibutyric 
aci<l. 
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Since prci)arations (»f pantotlicnic a(‘id arc* syrupy li(|uids, it is customary 
to U.SC the vitamin in tlic* form of tla* calcium salt, which is a while solid. 

Pantoth(*ni<* acid i.s fairly .stable* to h(*at in n(‘utral solution but is 
easily hydrol\ z<*d by acid or alkali. It is no longer activc* aft 1 * 1 * li.> droly- 
MS. Ih*ing watcr-Mliable, much of the pantothenic acid of a food may be 
lost in cooking if the* cooking water is |)our(*<l off. 

Sources of Pantothenic Acid. 11i<* bc*.st sour(*(*s of pantotlH*ni(‘ acid 
an* yeast, liv(*r, and e*gg yolk. < )ther good somces an* lean meats, whole 
w1i(*at, gre<*n leafy vegc'tables, sw'CM*t potatoes, and caiililhiwer. Kgg 
w'hitc* and fruits an* pcxir sourcc*.s of this vitamin. 

Assay. IVmlogical methods for the* as.say of jiantothenic acid have* 
lH*en devcIopc*d. One dc|K*nds u|K>n the cun* of the gray-hair (‘ondition 
in black rats which liave bec*n fc*d a diet (h*fici(*nt in the* vitamin. 
Another de}H*nds uikui growth n*sj>on.sc in chick.s. 

A microbiological mc'thod, wliich gives more (plant it at ivc* n*sulfs than 
the biologic-al mc*thod, has lM*c*n <lc*v(»lop(*d. In this inc*thod the efTc*ct ol 
the vitamin on hu*tic acid production by c(*rtain bact(*ria is d<*tcnnin(*d. 

Requirements. Little is known alsiut the n*cpiin‘im‘nts for panto¬ 
thenic acid for humaas. It has l)c*eii suggest(*cl that 1(1 mg. jKT day 
should l)e sufficient. 
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Biotin 

In the early dasrs of vitamin rcfst'arch Wildiers showed that yeast, to 
grow nonnally, required trarcs of something in the medium which he 
called bios. In 1936 Kogi i.sr>Iated from egg yolk a pure substance which 
had ^dtaminlikc properties and eall«*d it biotin. Du Vigneaud isolated 
the same substance from liver. Possibly biotin and bios are the same 
substance. The chemical structure of biotin has l)een determined. It 
is a cyclic compound containing two rings, one a cyclic ureid and the 
other a n'duced thiophene ring. A valeric acid side chain is attached to 
the reduced thiophene ring. 
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Biotin is a vrry slai)lo conifMiuiKi in niMitral or acid solutions but is 
(uistly dostroyrd by stronj^ alkali or oxidizing aRi'nts. 

Effects of Biotin Deficiency. Wtic^n biotin is lacking in the diet of the 
chick, a dt*nnalitis, which may Ik* cur(*d by f(*edinjj; biotin, develops. 
Itats and human lM*inj5s d(»v<*lop a similar dermatitis when fed lar^ije quan¬ 
tities of raw (*j5K white. This so-called egg white injury may lx* pre- 
ventexi by lH)iling the <*gg while lH*forc £<*1*1110^ it or by feeding biotin. 
It is bclievi'd that raw (*gg white (*oiitains a protein called avidin, which 
combines with biotin and pivvents its absorption. When biotin is not 
absorb(*d in sufficient ((uantity, ailermatitis msults. 

On an ordinary diet an julecpiate supply of biotin, whieh may f)e syn¬ 
thesized by mieroorganisms in the dige.stive tract, is apparently ob- 
taiiuxl. Very little is known about the n*quireiiients of man for this 
vitamin. know that it is necessary for the normal growth of certain 
yeasts, molds, and bacteria. 

Choline 

(''holinc has lKH*n known for a long time as a constituent of lecithin, 
but it is only recently that its function as a vitamin has lx*en appreci¬ 
ated. Some persons hesitate to call it a vitamin, since it has lx*en shown 
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that the U>dy may s\mtliesiae it, pnivuliHl methionine l^ available. 
Soliitiotih <»f eluilme are f|mte stable to heat When l30ile(i with alkali, 
eholine is eon\eiti*<l into tnniethylamiiie. 
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Effects of Choline Deficiency. If rholme is laekinff in the diet, mt 
de\el()p ij((\ lui'is I'lien iua\ alsi> 1 m' kidiu \ dainaji’e. (*hani(‘tenz(Mi 
b\ heinoMli:i\^(' I hr lerdin^ ol iholiMnol .i^iiiavates tiir (ondition, 
wheif'its the teediiif* n| ( IioIiik* oi in(*tliioninr c no s it 

It vili Ih ie(‘:ille<l tliat iat'- an* tian^poifrri an<i me tal)c»iize(i in the* 
as phospholipid'', ‘'Ue h a" le*e*ithin I .it‘- aie* *te)rc'el in the lH>d> a." 
ru'ulial faf mol<M nh’s h oIimous that in oide’i lei h>im ierithin rho- 
line inu'-t Im‘ a\aikible* It theie is an ni^uflieient snp|il\ oi rholine*. tats 
temd to Miiiani in the' storane* <1 * imiI-n and the* tend(*n(*\ lemarel the stor- 
atfe ot fat i" me H .ise-d \Nith tlii'' eonelition theie* is a de*e*re*a,sc* in the 
anieiiint eij leeitiiin in tlie* Ine*i and othe*i artne* tissiie\sot the* Uielv, so 
that the* j!:e*iu’ial pioe'rssol tat me tahe*li''m is sloweeldemn 

\nothri ehse*ase with \\hu h e holme i^ ie*iate*d w perosis m e hirkeiif^ anel 
tnike*\s In p<’iejsi' tlieie i a niallenmation e»l tlie bone 'The hork 
joint fails to devele p normalh and the le^ teiielon ^lips off it, with the* 
result that the hird k> unable* to walk Teieisis is sometimes e*allf*d 
slipped-tenelon disease Heith e hedine aiai manpinese* are nee*e'ssary in 
the die*! to prevent ]h*iosis 

Little IS known about the MMimrememts foi eholine* in the* human eliet 


)^-Aminoben7oic Acid 

An«;barhrr showed that a j^rav-haii eeimlition m mire ran fie rureel b> 
feedings p-amineibenzene arid He abei toiind that this \itamin is nee*e*s- 
sarv for a normal coat of hair in rats anel lea tlie nr>rmal growth eif ehieks 
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An interesting property of this vitamin which should be recalled at this 
time 18 itfi ability to inhibit the liacteriostatic action of sulfa drugs. (See 
p. 286 .) 

The fact that p-aniinolienzoic acid and pantothenic acid will change 
gray hair back to its original color in animals has created considerable 
interest in the use of these vitarnins in human nutrition to prevent gray¬ 
ing of the hair. At tlie present time, however, there is no evidence that 
they have my effect on gray hair in man. 

The requiiement f<»r /s-ainimilwmzoic acid in human nutrition is not 
known. 


Inositol 

Inositol, which is hexahydroxy<*yclohexane, has been known for a long 
time. It is fouiui in bran, whciv it occurs as phytin, the hcxaphosphate 
of inositol. 
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Woolley found that mice fed a fliet which contained no inositol failed 
to grow, lost hair, and liecame bald in spot.s. The condition could be 
cured by feeding mcKMtol. Inositol apjieai's to bc' essential for normal 
growtli in chieks and is said to cure a “.spectaeh'd eye” condition in rats. 
Its importance in human nutrition is not kmnvn. 

Other Water-Soluble Vitamins 

Besides those vitamins of the B-complex w^hich have been described 
several other water-soluble vitamins have lieen found, but our knowl¬ 
edge eont'erning them i.s not great. Folic acid, a substance isolated from 
green leaves, is essential for the growth of certain lactic acid bacteria. 
It also promotes growih and prevents anemia in chicks. Folic add is 
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possibly identical aith vitamin Be, the Lactobacillus casei factor, and the 
norite eluate factor which have been reported in the literature. Recent 
work by Mf>ore, Bierbauni, Welch, and Wright with synthetic L, casei 
factor indicates that it will cau.se red-c»ell production in human perni- 
cioas anemia cases. Thev <‘Hiiti<»n ugaiitst the conclusion tliat this 
factor is identical with the anti-|:K^nii(*i4ius anemia fm*tor found in liver. 

Angier, Cosulich, and (*o\\ orkei'^ have determined the chemical 
structure of the L. caset factor found in liver and have synthesiatHi it. 
Its formula is as follow^- 

coon O 

I 

IKXX -CHj-CHj -ril XH C 



I li*. If ItI) iimmIinI) ninino l>eriro\l| glutiinu( imiiJ 

\I i<i ri lu< t<»i irnin hvHi 


Allothci* factor kiumn ii> tin* grass juice factor i*. CNscuitial for the 
iiorituil growth ot guiii(*n pig^ 

Other factois hav<* Immui dcscrilMsl whu’h are ^aid to In* pn*s(*nt in the 
vitamin H complex, but n*! little is kiaiwn alM>ut them that they wdl not 
be di.scu.ssed here. 

Ascorbic Acid (Vitamin C) 

Effects of Ascorbic Acid Deficiency. Ascorbic* acid is a dietary factor 
which mu.st Im* pn*s<*nt in Ibo^l in ordi*r tc» pn*vent the disease* known aa 
scurvy. It is therefore* called the antiscorbutic vitamin. The* first 
imfjortant woik on this vitamin was (hm<* l>y Holst and hVolich in Nor¬ 
way. At *)n<* time scur^y was \«»iy prevalent in in)rth(*rn KurojH*, and 
sailors on a long voyage were commonly afflicted with the* dis<*asc». It i.s 
now known that a lack of fn*sh vt*getable.s and fruit.*4 in the diet i.s the 
caasal facUor. 

In human Ixungs the onset <»f the di.s(*ase is slow.- During the early 
.stages the patient l)ecoim*s lazy, develops anemia, and loHf*.s weight. 
Later the skin turns brown, th<* gums UM (»me s|K»ng.v and bleed, and the 
teeth loosen. The bones lx*come bntth* and an‘ easily broken. 'Diere 
may be a marked swelling of the extremities. Hemorrhage is a very 
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important characterintie of the disease. On slight injuiy hemorrhages 
develop under the skin. Death from scurvy is often due to internal 
hemorrhages. 

Ascorbic acid is necessary for the formation and maintenance of tlie 
substance found l>etween the cells which helps to hold them together, 
especially in the capillary walls, cartilage, Ijones, and teeth. The loss 
of intercellular substance on u diet ia(‘king in ascorbic acid is said to b > 
the cause of the struct ural weaknesses which devc*lop in scurvy. Hemor¬ 
rhage is dii<‘ to weakness of the capillary walls, fragile bones to weakness 
in the liony tissues, and lo4ise teeth to degeneration (rf the tissue of tin* 
jaw Ixmf*. The loss of intercellular siilwtance in the teeth may result in 
tooth decay, and thus a lack of ascorbic a(*id in the diet may be a con¬ 
tributing factor in dental curies. A large intake of this vitamin in 
such form as orange juice is Udieved to he a good preventive of dental 
caries. 

Ascorbic acid is said to aid the body in resistance against certain 
diseases. When the intake of this vitamin is liberal, guinea pigs have 
been found more lesi.st ant to t ulierculosis and diphtheria toxin than when 
the intake is low. 

Not all animals seem to recpiire ascorbic acid in their diet. Rats, 
birds, and cows do not develop symptoms of scurvy when ascorbic acid i.s 
renumsl from their tood, and if is |KKSsible that they are capable of syn¬ 
thesizing this vitamin. Man, monkeys, and guinea pigs require ascor¬ 
bic acid. For tlu* lalwratory study of this vitamin guinea pigs are 
used. 

Sources of Ascorbic Acid. A.scorbi(* acid is found quite widely dis¬ 
tributed in plant^. Meats and eggs contain very little. The riche.st 
sources are jK*pj)ers, the citrus Iruits, such as oranges, lemons, limes, and 
grafiefniit, tomatoes, and raw cabbage. Although potatoes do not con¬ 
tain tin* concentration of ascorbic acid found in the foods ju.sf men¬ 
tioned, still tliey are an imjMirtant .source of this vitamin by reason of the 
large quantities of ixitatoes included in tlie ordinary diet. 

The cortex of the adn*nal gland.s and the corpus luteum contain the 
highest concentration of ascorbic acid of any ti.ssues in the body. 

Ascorbic acid is lai^king in diy, mature .seeds; hence cereals contain 
veiy little, if any, of this vitamin. As .seeds germinate, there is a 
marked generation of ascorbic* acid. Sprouted grains are therefore a 
very good source of this vitamin. 

Destruction of Ascorbic Acid by Heat. The destruction of ascorbic 
acid by heat i.s proliably an oxidation pix>ees.s. Dutcher anfl his co¬ 
workers found that, when milk is heated to 145®F. for 30 minutes in 
closed bottles without access to air, there is little destruction of ascorbic 
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acid; but, if it ia heated in an opcii ves»ei, under the same conditions of 
time and temperature, with air bubbled through it, destruction is com¬ 
plete. ' It is evident that pasteurization ol milk in an open vat, as some¬ 
times practiced, leads to eoasidcM-able destruction of asc^oibic acMd. 

Traces of certain metals, especially eoppei, givatly a(X*elerate the 
destruction of as(*orbic acul; hence copper equipment should not be 
used in the pasteurization of milk. 

Chemical Structure of Ascorbic Acid. ()ui know Ifdgi of the chemical 
structure vitamin the ol the work ol several investigators, 

notably Szent-(iyorgyi and Waugh and King, who indejsmdentiy iso¬ 
lated the pure conitKiuml, and Szent-tiyurgyi and Haworth, who estub- 
iislied its eiiemical .structure If is an oxidation product ot a hexosc 
sugar and has U^ai given the luuite ot /-ascorbic acid. It is also called 
cev'itamic acid It lias lieen sviitliesi/t*<l tium / wlosc* and liom d-glu- 
cose i/'A.scoibic acid is phyMologicail> inactive 
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A.scoil)ic iw'id leadily I<»s<*s two of its hv diogciis foiin a ketone called 
dehydroaseoiltic acid, v\hich has the tollowing toiiniila 
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It has been suggested that these two compounds and their change 
from one form to the other are associated with oxidations and reductions 
taking place in the body. Thas ascorbic acid is an oxidation-reduction 
catalyst. 

Ascorbic Acid Assay. In the assay of foods for their ascorbic acid 
content guinea pigs are used instead of rats. For this determination (>- 
to 8-week-old guinea pigs weighing fwm 250 to 300 grams are fed a basal 
diet complete in all res|K'cts (»xcept that it contains no vitamin C. Along 
with this diet is fed varying amounts of the food being tested. That 
amount of the food which will just pn»vent scurvy is said to contain the 
minimum protective dost*. This dose is equiv^alent to approximately 
0.5 iiig. of /-ascorbic acid or from 10 to 12 International units. An 
Int(*mational unit of vitamin C is etjuivalent to 0.05 mg. of /-ascorbic 
acid. 

Besides the biological nu‘thods chemi(‘al nu^thods are available foi 
determining ascorbic acid. One involve.s the titration of the vitamin 
with standanl icKline solution; anoth(*i its titration with a standard solu¬ 
tion of a dye, 2,0-diehlorolH*nzenoneindophenol. The latter titration 
is said to be the more sjwcific for ascorbic acid. 

Ascorbic Add Requirements. According to the C*ommittee on Foods 
and Nutrition of the National Uc^search (\>uncil, the daily allowance of 
ascorbic acid in tin* diet of a man should k* 75 mg. For a woman it 
should k* 7(1 mg., and during (he lat((‘r half of pregnancy this amount 
should k* increased to 100 mg. During lac'tation a woman should 
receive 150 mg. ('hildren up to 12 years should receive from 30 to 75 
mg., de|M*iuling on th<*ir ag(‘. (Se«* Tabh* 10.) 

It is important that a nunsing mother should have in her diet a gener¬ 
ous supply of foods containing ascorbic acid in order to supply this factor 
to her child. 3'he addition of orange juice to the diet of a bottle-fed 
infant is to compimsate for (he relatively low supply of this vitamin in 
cow's milk, \\hi<*h contains onl> ukuU one-fourth as much ascorbic acid 
as mother’s milk. Orange juice is e.s|H*cially im|K>rtant if the milk is 
knlinl. Brief boiling of milk in an oiH*n dish will reduce the ascorbic 
at*id content one-fifth to one-half. Pasteurized milk has a lower ascor¬ 
bic acid content than raw milk. 

Methods an* available for deti'rmining whethei a person is deficient in 
ascorbic acid. One method tests the re.sistancc of the capillaries to rupn 
ture by applying suction to a small an»a of the skin. If the individual 
k*ing ti*sted is deficient in asc<»rbic ai'id, slight hemorrhages will occur 
und(*r the skin. Another meth<Ki detennines the ascorbic acid excreted 
in the urine by a titration method when a test dose of the vitamin is 
given. If the body is deficient in ascorbic acid, the test dose will be 
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retained by the tissues. If the body supply is already adequate, much 
of the test dose will appear in the urine. Still another method detei^ 
mines the concentration of as(*orbic acid in the hlcxKl. A fastinft indi- 
\idual should normally have from 1.5 to 2.0 mg. of ascorbic acid per 
100 cc. of blood. 


Vitamin P (Citrin) 

According to Szent-(iyorg\"i, a fa(*tur other than ascorbic acid is 
associated with the hemorrhages found in scurvy. He (*alle<l this 
factor vitamin P, lK‘caa.sc it (‘ontrols vascular jH*rmcahility. It has 
l>cen isolated Inun red iK»p|H*rs and lemon jtiice. (^hemically vitamin P 
is a flavone glucoside. It has Ix'en given the name of <‘itrin. 


REVIEW QUESTIONS 

1. Whftt IS a vitamin*’ 

2. (iivr th<* varly history of vitamin*'. 

3. Into two main dahM*.*' Tna> vitamiiii' Ih* duided? 
i. What ha{>|H*n^ if vitamin \ i*- larking in thr dint? 

6. What I^ night hiindncs^? U hat i^ its raust**/ 

6. Xamr thr ini|Hirfaiit smirros of vitamin A 

7. What 1- iho rlirmiral ^lnlrtul‘f‘of Mtamin A? 

8. How arr foods assay<*<l for thru vitamin A rontrnt? 

9. What |s an rritrrnational unit of \itMinin .A? What ahould Ixi thr daily 
allowanrr of \itaniin A in fh** dirt? 

10. WtiHt arf' tti»* rffrrt-' of vitamin I> tlrfirirnry? 

11. Namr thrrr tvpr.s of rirkrts 

12. N amr tin* fartttr^' which arc asKoriat4*d with rirkrts 

13. What i** thr ditlrmn*** !>rtw'r<*n rrgn‘‘trrol arul vitamin I> 2 ? 

14. What i.s vitamin Da? How diM’S it differ in rhrniiral Mrurturo from vita¬ 
min D 2 ? 

16. What IS vio>trrol? 

16. Dimmiss tin* irradiainm of food^i 

17. What an* thr imiMirfant wnirrrs of vitamin D? 

18. Is thrrr danger in taking large* (|uantitir.s of vitamin D7 

19. Is vitamin I) stahlr ’ 

20. How are vitamin D preparation*^ a.*wiyrd? 

21. What are the vitamin D requirementh? What is an Int^ematinnal unit of 
vitamin D? 

22. What are the off rets of vitamin K defirietiey? 

23. What an* tin* imfiortant soureits of vitamin 

24. What i*- the ehemieal nature of vitamin K? 

26. Ib vitamin K important in human nutntion? 

26. How may foods in* assayed for their vitamin E eonticnt? 

27. miat are the effeels of a vitamin K flefieieney? 

28. Are all types of hemorrhagt* contrrdled liy vitamin K? 
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Name ieveral rompounds which fihom vitamin K activity and indicate their 
ohanuoa! structures 

SO* Name several of vitamin K in the diet 

SI* How mav a food li< awaved for itf* vitamin K activity^ 

S8* Is vitamin K an imjKirtant (onsiderition m the diet of a normal adult^ 

55. What vitamins an imludid in thf vitamin B comple'? 

S4. What hHp{N vshi n tli< n i') a ihhciMi* v of thianune in the diet^ 

S5* Namt th< sourci’^of thiiiiiim 

56. What IS thi (fff t of hf it and pH on thiamine? 

87* Dow the Imk 1> ^ton thiiinim ' 

38. Do COH8 nf»»l thiamm? 

89 What iH th* fornnil i for thiamine’ 

40. Wlnt I*- an lnt< rnationil unit of thnmino’ 

41 Wh it IS th( n roin ucndi d dailv illrm'ince of thiamine in the diet? 

42. Whit otlirr iiiiiHs in iisid tor nlMiflavin^ 

43. W h it Ilf th» < fpM ts < f n dt tu k rir> of rd>oflavin m the diet^ 

44. Whit IS till foifiiuli for idKifhivin’ 

46. Namt thf itn|M>rt«iit Hournh of nhoflivin 

46 How may food l»f j^sumI for its rdmflavin contuit^ 

47. What IS till rteoiniiK nd( d daily ilhmame for riboflavin in the diet? 

48. Whit an tin ifTirtsof i riiicin dchiitncy in the diet? 

49. By IVhat othi r nninth is ni uin kmmn’ 

50. What an flu < hf mn al formuUft for nuotimc acid and nicotinic acid amide’ 
61 Nanif si vi ral ^outfi s of niafin 

68 . What IS th« n toninifiided daily alhmancf for maim in the diet? 

63 How mav a fond In assiyrd for its niacin (ontent^ 

64. Wh ♦t IS nil ant I \ enruhid flour' 

66. What an I hi i ffii ts i f a dcfiiiUKV of pyroxidine in the diet^ 

66 . What IS the diiiniral ^tniitun i f p\n»xidine' 

67. Nairn sivii il snuriis of pvroxidini 

68 . How may i find bi as'ineil foi it*' pyroxidmi content’ 

69. How mu<h pvioxidiiic should thin h iii the dii t lach dav’ 

60. Disfuss pnntnthiiiK aiui from thi st uulpoints of physiolofocil function 
fhemifal sfiuMiin snunis ini thods of is^jv and d iily allow am rs 

61. Whit an tin f fit its dal lotm chhiuntx in the diet’ What is the cause of 
*eiCR white mpirv ’ 

63 W hst is the 1 hi nui fd strm tun of biotin ’ 

C3. W hat IS thf foimuh for < holim ** W hst is tht function of choline in nutrition’ 

64 Whit 1 thi foiiiiul I for p aininolH 11/011 arid’ 

66 . Wh if hapiN ns whin tliiii is a dihiuinv o| this vitamin in thi diet' 

66 W h it is thi n I itionslnp In twien this vit iniin and sulfa drugs^ 

67 W hat is thi torinula f< r iiiosit< \ and what oi its functions is a vitamin’ 

68 ( an gi (V lint in hum ins U prixitittcl bx fusiing vitamins' 

69 Whit Mtaniin <>t the B-tomphx is assoriitid with pi rnicious anemia' 

70 Whit 111 thi f fli I ts of in as< oibii n id di fii it my in the diet’ 

71 What iM tin im|KU t iiit sourn s of asiorbit and’ 

72 Whit is tin iftift of In it on asiorbn and' 

78 What IS tin ihiinical iiitiirt of isioibic acid' 

74 How max foods U issavrd for thfir ascorbic acid content’ 

76. W hat should thi dailv allowance for HsLorbic acid m the diet be’ 

70 W here isxit iiuin P found, and w ith what pathological condition is it associated’ 
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in infectious mononucleoM^, 265 
Diffusion, 6 

Diaeption, dehnilion of, 179 
dnrina fofMl prcpariitinn, 179 
ill the intestines, HNl 
review r|uesti<uis on, 106 
in the mouth, 179 

reviei\ f|uehtinns on, 1K2 
in the ‘.toinaeh, I S3 

review quej^inn^* on, 1S9 
of nucleic acid, 234 
<if nucleoprotein, 231 
Diaestive tra< 1, IHi! 

as an endocrine oraaii, 399 
Diaitalis Klucohide^-, KS 
Digitonin-clioleMerol, 1 l.’i 
Digitoxigenin, 117 
Dihydro>vacetone, 44, 13, 97 
Dihydroxyacetone plio«<.ptiHte, 207 
Dihydroxysteanc and, 93, 94 
Diose, 43, 44 
Dipeptidase, 169, 171 
in intestinal juice, 191 
DisaccharKles, 43 
Dispersed phaM', 26 
Dispersion medium, 26 
Diuretic, 2f>4 

Diuretic-antidiuretic activity of pitu¬ 
itary, 237 
Dolphin oil, 93 
Donnan equilibnum, 21 
in gastnc aridity, 185 
Dopa oxidase, 255 
Dopa reset ion, 255 
Dreen, 96 
Dreft,96 

Ductless glands, 308 


d-Dulcitol, 50 
Duodenum, 190 
importance of, 191 
Dwarffsm, 326 

Edema, 274 
f:do6tan, 133, 135 
Edestin, 132, 135 
Egg oil. 159 
Egg white mjur>', 360 
Eggs, as fmai, 158 
composition of, 159 
lecithin in, 159 
pmleins in, 159 
EhrliehV diazo t<‘st, 139 
Ehrlich s /mIi met hyla mtnnlienanldehydf* 
test, 139 
Klaidir acid, 95 
Elastin, 132, 2.56 
Electrophoresis, 27 
Kmmeiiin, 324 
Emulsin, 71, 75, 76, 87. 169 

EiiiiilMud, 26 
Enamel. 2.57 
Endocrine organs, 308 
Eiierg.v, for work, 249 
gross, 242 
metabolizable, 242 
net, 243 

requirements, 249 
Enriched flfiur, 357 
Entemgastrone, 309, 310 
KnterokinaM*, 190, 191, 192 
Enzyme action, conrlitions for, 166 
effect of )ivdjr>gen-inn ronrentration 
on, 166 

effect <»f temperature on, 166 
effect of time on, 166 
mechanism f»f, 162, 164 
optimum teiii|»erature for, 167 
reversibility of, 165 
tein|ierature eoeffirient of, 166 
Enzymes, 162 
activation of, 167 
chemical nature of, 163 
classiffcation of, 168, 160 
derarVioxylatmg, 170 
endo-, 16;i 
exo-, 163 
in saliva, 181 
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Enzymes, inhibition of, 168 
nomonrlatun* of, ! 6 Ii 
prosthHir* group of, 167 
review quest ions on, 177 
sperifirity of, 16,1 

Ephedrine, 318 
Epihydrine aldehych*, 103 
Epinephrine, 317 
Epiphysis. 308 
Epithelial tiasue, 2,54 
Epsom salt, 1,52 
Equilibrium eonstant, 13 
Erepsin, 170 

Ergosterol, 115, 116, 340, ,341 
Erythn»rytefi, 261 
d-Ervthros**, 46 
Essential oils, 117 
Ester number, 106 
Esterases, 168, 160 
f^ttradiol, 323 
Eninnl 323 
Estrone, 321. 322 
Estrus rvcie, 321 

Ethyl acetate hy<lrolvws l>y enzymes of, 
16,5 

Ethylene ulycul, 11 
Excretions, 201 

Exophthalmic Koit(*r, lia.sai metabolic 
rale in, 248 
Extractives, 3, 2.51 

Fat constants, 103 

Fat metabolism, isotoiH*^ in studies nf, 
218 

relation of clmlme tn, 224 
Fats, 02. 08 
absorption of, 108 
analysis of, 103 
animal, 08 

as source of eiiergx*, 223 
beta-oviilation f»f, 220 
<*hcmical constants of, 103, 104 
chemical structure of, 08 
constants j»f, 10,5 
digestion in intestine of, 103 
energ>' in, 243 
formula for, 07 
hydrolysis of, 101 
in milk, 155 

interconversion in body of, 219 


Fats, multiple alternate, oxidation of. 

221 

omega oxidation of, 221 
origin of, from carbohydrates, 210,223 
from proteins, 223 
physical constants of, 103, 104 
physiologif'nl irn|K)rtance of, 108 
rancidity of, 102 
RQ of *245 

specific dynamic action of, 248 
storage of, 217 
Fatty acids, 02, 03 
essential, 217 
insoluble volatile, 101 
isomerisni in, 04 
nonvolatih’, 104 
saturated, 03, 104 
separation of, 104 
soluble vrdatile, 104 
unsaturati'fl, IM. 101 
volatile, 104 
Feathers, 25.5 
Feres, 100 

Fe»»ds, aiialysi..^ of, 86 
Feliling’s 'oiIII ion, .5.1 
Ferment at ion, 40 
of sugars, .50 
Ferments, organi/«'d, 16.» 
unorganized, 163 

Fever, basid metabolic rate in, 248 
Fibrin, 27.5 
Fibnnog(‘n, 275 
in blfK>d, 261 
in blood plasma, 274 
Filterable virus, 134 
Fi«!h oils, 0.3 
Flavin, 174 

Flavoprotem, 172, 173, 174 
Fluorine, in bone*., 257 
in fonds, 140 

physiological importance of. 155 
relation to tooth decay of, 2.50 
Folic arid, 362 
in pernicious anemia, 273 
Follicular hormones, .322 
Food, cereals as, 160 
fruits as, 160 
meat as, 159 
milk as, 155 
miU as, 160 
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Food, roquiitMncntA for an ad«'quat4‘ dk'^t, 
160 

v«*Kf»tahl(*8 »8, 160 
Foodfi, 148 
antiketogimk', 222 
Wi Hource of energy, 249 
calcium in, 149, 151 
chlorides in, 149, 150 
daily n^quireinents for, 16<1 
energy value of, 2411 
inorganic elenu^nta in, 149 
iron in, 149, 152 
irradiation of, «142 
ketogenic, 222 
iimgneKium in, 149, 152 
phosphates in, 149, 15.'i 
IK>tassiuni in, 149, 150 
sr>diiim in. 149, 150 
sulfates in, 149, 15^1 
F(M»t-yx)un(l, 242 

Fomialdehydi* in milk, t<*sl for, F19 
Formed elements in lilooil, 201 
FnH'ziiig |K>int, of milk, 8 
of solutions, 8 
d-Fructos<‘, 50, 67 

formation fn)m </-glucos<‘ of, 58 
relation to d-sorhitol of, 42 
t4*sts ffir, 68 

Fructose diphosphaUs 20(), 207 
Fruit sugar, 67 
Fruits jis foods, HK) 

Fumaric acid in Krebs cycle, 210 
Fumigticin, 288 
Fundus, 183 
Fiiran, 64 

Furfuraldehyde, 49 

(talactosazone, 60 
d-(ia1actoso, 47, 50, 69 
in glycolipids, 114 
test for, 69 

(lalactosf* amine in mucin, 256 
Gall bladder, functions of, 193 
Gallstones, 196 
Gardinol, 96 
Gastric nl>sr)rplion, 188 
Gastric acidity, 184 
origin of, 185 

Gastricdig<»stion,n»vie^ questions on, 189 
Gastric juice, 184 


Gastric juict\ gi'miicidal action of, 188 
iiatiin* of, 184 
Gastric Ht'cretioii, 18^ 

< instrin, 184, ;109 
Gault herin, 88 
Gel. 27 

Gelatin, as f<KMl, .‘138 
in eonncTtive tissue, 255 
Gels, slnicture of, 31 
Geiiins, 114, 117 
Gigantism, 325 
Glass eleetnnle, 17 
(iiiadin, 132 
(iiobin, 152, 2(15, 270 
Globin insulin, 311 
Globulin, stTum, 132 
'y-Globulin, relation to anfilxKltes of, 
238 

Globulins, 132, 134 
in b)cK>d, 261 
III blood plasma, 274 
ill brain, 2.54 
(domerulus, 291 
Gluconn acid, .5'! 

Glucosamine, 67 
in eggs. 15ti 
(liiKsisazoiie, .58, 60 
d-Glueose, 47, .50, 66 
fermentation of, ,59 
in bliHxl, 281 
in urini% 302 

<i\]fiation products of, .54 
reaction v^itli phcnylhydrazine of, .57 
relation to J-sorbitol of, 42 
a<-f/-(ilueosc, (>2, 6.3 
/^-/Mihu’ow, (>2, 63 
fM ilucos(*-6-pliosplM»ric acid, ,59 
(llucosidaws, 169 
Glucosidi's, 71, 86 
digitalis, 88 
functions of, 87 
d-Glucosoiie, .58 
Glucuninic a<'id, .5.3, .54 
ill mucin, 2.56 
Glutamic ju‘id, 122 
in glutathione, 175 
lactam of, 129 

origin from ornithine of, 229 
Glutathione, 175 
Gluti4in.s, 132, 134 
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Glutenin, 132 
Glyceric acici, 97 
Glyceric* aldehyde, 97 
GlyceridcH, mixcKl, 98 
simple, 98 
Glycerol, 44, 96 
oxidation produ<*ts of, 97 
Glyoerosc, 35, 44, 45 
mc<*mic, 35 
d-CilyceroHC, 35, 37, 46 
/-Glycorow, 35, 37 
Glycine, J16, 121 

UH fircc'ursor of crcal inc, 23.3 
ill fdutjtthioru', 175 
in proti'ctivc syntlu‘sis, 202 
picpanition of, 125 
reaction of, with foririahh'hydc, 127 
with JlNOj, 127 
(llycocholic acid, 116, 105 
(ilycocoll, 121 
in bile salts, 105 
(ilycoj 5 en, 80, 107 
action of alkali on, 52, SO 
in muscle rnetalHilisni, 2(M) 
in musch's, 251 
origin of, 205 
structure of, St) 

Glycolipids, 02, 111 
GlycoUic ahlehyile, 44 
(flycoproteins, 132, 131 
t4*st for, 140 

Glycosuria, alimentary, 213 
Giycylglycine, 120 
G : N ratio, 213 
Goiter, 155 
colloid, 311 
c*iid«*mic, 314 
evophthalnuc, 313 
relation of i(»dine to, 315 
simple, 314 
Gold numlH*r, 31 
Gold sol, 25 

(hmad-stiiimlating hormone, 327 

(iRUifian follicles, 321 

Gramicidin, 2HS 

Gruj^e sugar. 66 

Gniss juict‘ factor, 3tVl 

Graves’ dis«*as<», 313 

Gn>ss energ>’, 242 

Grov^th hornume of pituitary, 326 


Guaiac, 176 

Gmiiac test, for blood, 268 
for blcxxl in mine, 305 
Guanine, 143, 144 
mc^taljolihm of, 235 
Guunosiiie, 145 

Guanylic acid in nucleic acid, 144 

d-Oulos»», 47 

Gum anibic, 48 

Gums, 83 

Gun cotton, 82 

Hair, 2.55 

Haldane’s metho<l for determining hem¬ 
oglobin, 270, 271 
Halitosis, 202 

HaniLs’ iodine solution, 106 
Heat eent<*r, 241 

Heat of va|H>iization of water, 4 
Helvolic acid, 288 
Heinatin, 267, 270 
Hematuria, 305 
H<*me, 1.52 

ch(‘mistry of, 205, 260, 270 
Relation to bih> pigments of, 194 
Hemict‘lluloses, 84 
H<*mln, 207, 270 

Hemiii crystal test for bloixl, 268 
Hemochn>mog<*ii, 267, 270 
Hcmocvariin, 154, 266 
Hemoglobin, 132, 1.52, 262 
acid, 2t>6 
alkali, 2(>6 
chemistry of, 265 
determination of, 270 
normal values for, 270, 271 
relation to bile pigments of, HM 
Hemoglobinuria, 305 
Heiiiolvsis, 262 
by lysoUrithin, 110 
llempsi^al oil, 100 
Heiile’s l<H»p, 291 
Heparin, 276 
Hexokinasts 206 
ll(Aos:in.s, 43 
Ht‘\t>M‘S, 43, 50 
ferini'iitation of, 59 
in gums, 83 

HiU'rnation, 11. Q. during, 246 
Hippurir acid, 202 
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llippuric acid, in urine, 299 
Ilnitamine, .'i09 
in fciiMtric Ht^retion, 184 
<}rifi;in fmiii huttidme of, 201 
124 

U.S amino neid, 2d0 

(‘onverKion mt<i liLstnmiiie of, 201 
U\st lor, i;J9 
llistoiK*^, 132, liiil 

lloilgkiirs disr>:i.s(‘, phitrlt^t in, 

200 

lloinocyslino, ntnvrrsion to nu^thiotiiiu* 
of. 22o 

llopkins>(\>l(> O'st, 139 
llonnon(*s, 3()S 
follicuUir. 322 
of corpiLs 323 

review <]Uestions on. 32S 
Human fat, eonstaiits of, 10.*) 
liydiioearpir a(‘i(l, 93, t)4 
Hydrogen, heavy, 218 
Hydrogi'iidon eon rent rat ion iltMemiina* 

tioii of, 13 

colorii.let rie method, 17 
<*leetr<»metri<' mi'tlxHl, 1.3 
<‘;ilomel ele<'tn*di‘, lt» 
electrode, 17 
hydro^«*n electrode, 1.3 
<]Uinhvilroiie electio<ie, 10 
Hydr*o> 5 en s tlfide in inie'.tmal putrefac- ' 
tioii, 202 

Hydrophilic sy.st4*m, 27 
Hydropholuc >ystem, 2t) 

Hydroquinoiie as an antioxidant, 102 
/#-Hy<lro\\l)Utyri<* aehl, 214, 220 
in mine, :i04 
Hydnixvelhy Limine, 112 
Hydmxyjslutarnie acid, 123 
Hydroxymethyl furfuraldehyde, .33 
Hyrlnixyprolirie, 121^ 

HyiJeraeiiiity, 1S4 
HyiMTinMiliniMii, 312 
Hy|)»‘rthyroi<lism, 313 
HyiK)ucidity, 18.3 
or-Hypoplmmine, 327 
0-Hy)M>]>huiiune, 32K 
Hypophysia, 324 
HypothyniidLsm, 313 
Hypoxanthine, 143, 144 
in purim* metalKilistn, 23.3 


Icteric index, 194 
d-l<ioac, 47 
Ileum, 190 
imhihition, 32 
ltnmuno-|)oly»uiccharid4>8, 85 
Indican, 88, 202 
in urine, «I01, 302 
ori|dn from indole of, 20.‘i 
ImiieafotH, 18, 19 
ill detiTiiiinififC />H, 17 
in titrations, 19 
tahli^ of, 20 
liidif^o, S8 

) indole, orifdn from tryptophane of, 'iOl 
' liMloxyl, 8H, aVJ 
Indoxyl siilfati*, 20.*{ 

Induetion |H>riod lor oxidation, 102 
I Infant fiHaliiig, 1.3.3 
Inorganic elernt^nUs in foods, 14'.) 

Inositol, as vitamin. 3, 2 
in brain, 2.34 
in muscles, 2.31 
losuliti, 192, 214, 310 
unit of, 311 
/inc in, 1.34 
Insulin shock, 312 
ItLsulin^tdohin, 311 
Insulin-protamine, 311 
Insiilin-ziiic-protamine, 21.3 
Intermedin, 328 
IntcrmolecuLir oxidation, .37 
1iite.stinal dif^cstion, HM) 

Inteslinai juici*, 190 
liiti'stinal putrefaction, 2fM) 

Intestine, iis cndoci'iiie oitj;an, 30t) 
as <*\crctory oi'Kaii, 291 
Inuliti, 82 
Inulinasi', 82 
Invert suRar, 7.3 
liiverta.si*, 74 

Ifshnc, ilaily reipiinuneiil.s for, 1.3.3 
in f<M)d, 149 

physiological imi)ortanee of, 1.35 
relation to f^oitiT of, 31.3 
us<‘ in animal ftssliiiK of, 3H> 

IfKline iiumlxT, 1(M> 
of fats ami oila, 10.3 
lodizisl salt, uw' in {;^oit<T of, 315 
Iron, daily requirements of, 152 
in the iKKly, 149 
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Iron, occurrence in foods, 153 
physiological importance* of, 152 
Irradiation of foods, 342 
Islands of Langerhuns, 214, 310 
Idet tissue, 310 
Isoelectric point,* 27 
Isoleucine, 121 
Isomerism, da-tranH^ 95 
geometric, 95 
o{>tiral, 95 
fjosition, 95 

Isotopes, in fat mctalsilism, 218 
in proU'in metabolism, 227 
l80val(*ri(: acid, 93 

Jaundice, 194, *'147 
relation of vitamin K to, 347 
J(>junum, 190 

Kerasin, 114 
in nervous tissue, 251 
Keratin, 132, 255 
in U*eth, 257 
Ketogt'nesis, 222 
Ketogenic amino acids, 237 
Ketogenic: antiketogenic ratio, 222 
Ketogi*nic fcMKls, 222 
CK-Ketoglutaric acid, in Krebs cycle, 210 
in protein metal kiUmu, 229 
Ketoses, 42 
Ketosis, 222 

Kidney, phy.si<»log>' <»f, 2tM 
structure <»f, 291, 292 
Kidney funetion test, 303 
Kidney tubules, 291 
KidiM'ys, 291 
Kimis<*, 107 
Kjelduhl method, 137 
Krebs eycU*, 209 
Krt‘is test, 103 

Laetalbtimiii, 157 
I^etams, 128 
Luettise, 109 

in intestinal juice, 190, 191 
in panen*atie jui(*e, 193 
Lacteal, 197 

Lactic acid, in brain, 2*54 
in riirl)ohydraU* m(*tal)oli8m, 208 
in Krel» cycle, 210 


Lactic acid, in muscle, 251 
Lactic acid milk, 156 
Lactobacillus casei factor, 363 
Lactogenic hormone, 327 
Lactosazonc, 61 
Lactose, 72 
in milk, 155 
in urine, 303 
/3>Lactose, 73 
Lanolin, 109 
Lard, 93, 107 
Lard oil, constants of, 105 
Laurie acid, 93 
I^auryl alcohol, 108 
le cithin, 93, 109, 110 
alpha, 110 
lx‘ta, 110 
in eggs, 159 
in ncTvous tissue, 254 
lyso, 110 

physiological importance of, 111 
relation to hemolysis of, 110 
ILSC*K of, 110 

Tjc*cithoproteins, 132, 134 
Iji*ucinc, 121 

Lt*uc<»cyte count, in apfKmdicitis, 263, 
265 

in diH«*ast», 263 
in piK'umonia, 26^1 
Ix'ucocytcs, 261 
lii'ucocytosis, 264 
l4(nico|M*niii, 2(i4 

Ijcnikcmia, basal mcttiliolic rate in, 248 
diffcn^ritial count in, 265 
It'ucocytc count in, 264 
I-i<'vulinic acid, 53 
Li'vuIohc, 67 
Licl)t*rmann’s test, 139 
Ligaments, 255 
Ligament um nuchac*, 256 
Light, monochromatic, 35 
Lignin, 84 
Lignocf'llulose, 84 
Lignoct'ric acid, 93, 113, 114 
Lane test, :I44 
linoleic acid, 93, 94 
as an essential fatty acid, 217 
Linolcnic acid, 93, 94 
as an essential fatty acid, 217 
Linseed oil, 93, 100 
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Linseed oil, boiled, 100 
constants of, 105 
extraction of, 100 
raw, 100 
Lipase, 102, 169 
KHstric, 187 
in gastric juice, 184 
pancreatic, 193 
vef5Plablc, 169 
Lipid metal)olLsm, 217 
it'vicw qucHtions on, 225 
Lipids, 92 
claasiOcation of, 92 
i'om|x)und, 92 

derived, 

fatty acids in, 93 
ill iiiiiscies, 251 
in nervous tissue, 253 
n*vicw questions on, IIS 
simple, 92 
Liiiopn)t4*iiis, 134 
Litmus, 20 

Liver, as excretory organ, 2tll 
function in fat m<*tal>oIism of, 217 
relation to fat metalN>IiMn of, 219 
Livntig matter, proji^Tties f)f, 2 
liobry de Lruyn transfoimation, 52 
Ixmg's e^H'ffieient, 296 
Lung's as (*vcrct<»ry organs, 291 
Lymjih, 197, 261 
L>Tiiphoeyte.s in lymph, 261 
Lyophilie sysUaii, 27 
Lyophobii* system, 26, 27 
Lysine, 124 
d-Lyxoae, 47 

Mac(' oil, 93 

Magnesium, daily n»quin*ments of, 152 
in carlKihydrate metalsiUsm, 210 
in fcKKls, 149 

physiological imprirtanee of, 152 
Magni^ium phosfihate in bone, 257 
Magnesium sulfab* as laxative, 152 
Maleir arid as an antioxidant, 102 
Malie aidd in Krebs eyele, 210 
Malonyl urea, 142, 143 
Malpighian ('orpusele, 291, 293 
Maltafxs 71, 87, 169 
in intestinal juice, 190, 191 
in pancreatic juice, 193 


Maitoaiiaone, 61 
Malto(a% 70 

digestion in inU*stine of, 193 
Manganw, in bhKxl, 266 
in foods, 149, 154 
tihysiological importance of, 154 
d-Mannitol, 50 
prc*ptmitu>n of, 69 
MannoHi^ in eggs, 159 
d-Mannoai‘, 47, 50. 68 
hydnizone of, 59 
Mass action, law of, 12 
Meat Jis food, 159 
MHiulla of adrenal gliitids, 317 
Melanin, 255 
Mi‘libiose, 75, 76 
Melissic acid, 93, 108 
Melissyl alcohol, 108 
Melting iH>int of fats and oils, 104 
Menadione, 348 
Mensi‘s, 322 
Menthol, 117 
Merct^ri/ctl coition, 81 
MetalKilisin, 2, 204 
endogenous, 204 
cxogt'iious, 204 
of bniin, 254 
of carlM>liydniU*s, 204 
of lipids, 217 
fif nucl(^)prot44n, 2'M 
of pnitcins, 226, 227 
of purim*s, 2Ii4 
of sulfur, 2tl6 

use of isoto(N:s in study of, 204 
MetnlH>liznble energy, 242 
M(‘taprot(4nH, 133, 135 
acid, Li.3 
alkiili, 

Metheinoglfdnn, 267, 270 
Methionines 122, 153 
as fin^eursor of creatine, 233 
in sulfur mf‘tafK>lism, 2^i6 
origin from homoeystine of, 22f 
test for, 140 
Methyl glunoHideJS, 87 
Methyl mercaptan, 237 
Methyl orange, 20 
Methyl purim*s, 144 
Methyl n*d, 20 
Methyl salicylate, 88 
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Methylene blue, reduction by sugars of, 

67 

Metihylphcnylhydrazino, 67 
Mett’s method for iK^ptic activity, 186 
Milk, 165 
aefood, 155, 158 
bacteria in, 157 
boiled, 156 
cxirtiftiKl, 157 
comp(»Kitioii of, 155 
ohm’s, 155 
cow's, 155 
huimiii, 155 
marc’s, 155 
cvapHjraU'd, 156 
freezing |K)int of, 8 
(iradc \, pastcurizcil, 157 
hoinogiaiizcd, 15() 
lactic acid, 15(> 
pastcuri/Ad, 157 

I»owdcrcd, in infaiii fr<'ding, 155, 15t» 
proteins of, 157 
soft curd, 156 

t<‘st for forrnal<lchy<l<' in, 15t) 
vitamin content of, 15H 
Millon’s t4'st, 158 
MitKTals, in Imuic, 257 
in eggs, 156 
in wat4T, 148 

Molecular weigiit, detiTMunation of, by 
hoiling<|M)int method, 6 
Ity fnM*/ing-|Mnn1 metluxl, 8 
by osjiiotie-presMin* method, 6 
Mollsch’s test, 51, 140 
Monochromath* light, 55 
Motioniieleot ides, 115 
Monosaccharides, 41, 12 
Moore’s test, 51 
Mottled t4M‘th, 155 
Mucie a<’id, 60, 70 
Mucilag<\s, 70, 85 
Mucin, 1.T2, 180 
Muscarine, 112 

Muscle extractive's, nitrogt'iious, 252 
nonnit rogt'tu'ous, 251 
Mus(*le plasma 251 
Mus(‘li' proteins, 251 
Musi'K' tissue, inorganic salu in, 252 
Muscles, involunbiry, 251 
Himxdh, 251 


Musclas, striated, 251 
unstriated, 251 
voluntary, 251 

Muscular contraction theories of, 211 

Mutarotation, 62 

Mutual pn'ciriitation, 30 

Myelin sht'ath, 253 

Myosin, 251 

Myosinogtm, 251 

Myricyl alcohol, 108 

Myristic acid, 93, 108 

Myxinicma, 313 

1,4-Naphtlioquinone, 348 
N<‘phritis, 303 
Xt'phrosis, 274 
X<‘rves, 253 
Xervon, 254 
Xc'rvous tissin*, 253 
comiKisition of, 253 
gray matte r in, 253 
Mtucture of, 253 
whiU mattt'f in, 253 
Xt'ssler’s solution, 170 
Net energy. 243 
X(*uril(*mma, 253 
Xeuriiu*, 112 
Xt'uroki'ratin, 254 
X<*uroii, 25,3 

bTuiinal brunches of, 253 
Xi'wcomer’s method for hemoglobin, 
270, 271 
Xiacin, 356 
a.ssjiy of, 357 
rettuin'inents for, 357 
sources of, 357 
Nieol prism, 33, 31 
Xieotinie arid, 356 
Xieotinii- arid amide, 173, 210, 356 
Xiglit blindness, 333 
Ninhydrin, nxiction with amino acids 
of, 127 

Ninhydrin test, 140 
Nitrogen, isotopic, 218 
Nitrogen btuk'S, 92 
Nitn)g«‘n-frw (‘Xtnict, 86 
Nitnigenous equilibrium, 220 
Xonpnd4*in nitrogtm in lihxid, 2G1 
Norit4' eluat4* fact4jr, 36.3 
Ntimial solutions, 12 
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Normal mlutionH, r»f arids 12 
of 52 
Xortiuility faft<»rs, 12 
UVH, \m 

Nurl<‘ic rt< itl, 4H, i;i2, 142 
(iiKi'stion of, 2**14 
formula fi>i, 14*) 

^tru(•tun* of, 114 
Xurh'icacKlaiH*, Hill, 1111 
Xmli-m, i;i2, 142 
Xu(4i*o{»n>l4 iti.'-, i:i2, Ht4, 112 
(ii|^4'‘stion of, 224 
in lirain, 251 
nu'talMtli'oin of, 224 
XiH*lroM(i.isc, Hill, 11)1 
X'ucliM»vi(l(*, 11,*) 

Xuclootuh's 145 
in tniisclcs, 252 
XulnioK <»il, l>2 
Nuts f*KKl, HK) 

X\laiul<T's Milufinn, 5(> 

OlMTTnaycr’s r<‘ag<*nt, .»02 
OU'sity, 222 
(>cfo<l<TN I alcohol, lOS 
Oil, of altnonds, 117 
of (innatiion, 117 
of (lo' (‘s, 117 
of raniuin, 117 
<»f loruon, 117 
of winlorKrcoii, ^S, 117 
OiU, l>2, US 

rhniinal ,Htru<*tuio of, '.IS 
(oiistanl^of, 105 
(lr>iMK, 1(N) 
hvOron«‘n*iti<m of, 00 
hv«ln»|\^is i»f, 101 

phyMoU^nh al in»iM»rlaii<-<* of, lOK 
rancMily of, 102 
vcm*tal»l»‘, 00 
< )li‘ic arnl, 02, 0*1 
isumcTisrn of, 05 
Oloomarjcarinc, 00 
( lli^uria, 20*1 
Olivo oil, 02, 100 
mnstant.s of, 105 

Olivor’h mctluKl for hotuoKlohin, 271 
Opliral activity, 22 
<'\planalioii of, 27 
Optical i'^>iiu*ri.sm, 25 


Organic n4ation to Itiochera 

iftlry of, 1 

(>rnithiiH> in un‘A cycio, 220 
< IsH/onctt, 57 
I i IsinoHis, 6 

Osmotic prc.ssiins doUTminatioii of, 5 
of hliHKl (‘(>lloicls, 204 
of c*t>lloiil:il .solutions, 24 
(>soii€\ 58 

(>H.scoall>uniinoici, 257 
(Km*omucoiil, 257 
iM4smin1aria, JtWt 
Ovulhumiii, 122 
Ovaries, 221 

Ovilart ti<‘ acid in Kn4w rvelo, 210 
Oxalates in hlootl ('lotting, 27b 
Oxidises, 170, 171 172 
Oxidation, hiologie.d, 171 
Oxyh('moglot)in, 21)0, 270 
Oxytocic activity of I la* piUiitwry, 227 
('xytocin, 227 

Paints, HK) 

I'alm oil, 02, 1(H) 
constants of, 105 
l»almiti(‘ acid, 02, 04. 108 
leanereas, as (atdocriia* organ, 210 
efTccts (»f removal of, 210 
structure of, 210 

I’ai)crea.s-sti inula ting hormoiK', .22(i 
]*.ancreatic .amylas<*, 102 
Pancreatic jmc(*, 100, J02 
Pancreatic lipa.se, 102 
Pancreatic proteases, 102 
Paiitotliiaiif ac’id, 250 
assav of, 250 
(‘hemieal mitiin' of, .250 
effects of delicicaicy of, 250 
napiirerneiits for, ;i50 
.siairces of, 250 
l*aracas( in, 1*57, 187 
1 *a ru n ly()si nc »gen, 251 
Parathormone, 210 
Parathyroid glands, 210 
(‘ffect on hlood calcium of, 217 
effects of removal of, 210 
Panithvroid-stitYiuhiting honnone, 226 
Pasb'urized milk, 157 
Peanut oil, 02, HH) 

<’on.stant.H of, 105 
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Pectin, 85 
nickel, 85 
preparation of, 85 
Pecio(H!llulo8e, 84, 85 
Pclargonic acid, 95 
Pellagra, m 
Penicillin, 286 
formula for, 288 
varM‘tifH of, 288 
Penicitliuiii, :i(> 

PcnicUltum ntnntum, 288 
PcntcxIUam mttatum^ 286 
PcntostuiH, 49, 70 
physiological iniiK)rUincc of, 70 
PcritoHcs, 42, 48, 48 
ilH fo<Ki, 49 
dcticnnination of, 49 
dlstuigiiishod from hc\(»sv‘s, D 
in gums, 
t^*st for, 49 

Pepsin, UM, 170, 171, 184, 180 
PopHiiK»gcn, 186 

IVptic activity, dcUTinirialion id, 180 
rcptiduMi*«, lf>8, 109, 171 
in iiiOstinal juice, 100 
Peptide linkage, 129 
tc*st for, 108 
Popthles, 100 

PepUmes, 100, 105, 180, 192 
Pernh’ious anemia, 271 
extrinsic factor in, 270 
intrinsic factor in, 270 
relation to vitamin deficiency of, 000 
symptoms of, 272 
treatment of, 272 
Perosis, ill, 001 

relation of mangaia’se t(», 151 
IVmxidjisi', 17t), 170 
Petmlagjir, 84 
pH, 14 

Phenol, in urine, 001 

origin fn>m tyrosine of, 201 
Phenolphthakun, 20 
Phenolsiilfont'phthalein t-i'st, 000 
Phenylalaniiif*, 120 
U'st for, 109 

Phenylhydraxine, rt^ction with carlw- 
hyilniU's of, 57 

Phonylhydrazone of d-glueost*, 57 
Phloretiii, 88 


Phlorhizin, 88 
Phloroglucinol, 50 
Phosphatase, 169, 170 
in bone, 257 

in intestinal juice, 190, 191 
Phosphates, in food, 149 
in urine, 301 
Phosphatides, 109 
a-Phosphoglyceric acid, 208 
/S-Phospho^yceric acid, 207, 208 
Phosphoglyccric aldehyde, 209 
P-Phosphoglyccric aldehyde, 207 
Phosphoglyeerol, 207 
Phospholipids, 92, 109 
in metalx)lism, 217 
Phosphoproteins, 132, 134 
Phoaphopyruvic acid, 208 
Phosphoric acid in nucleic acid, 144 
I’hosphorus, daily rt^quirements of, 154 
HI blood, 281 
in foods, 15^1 
Phosphorylasc*, 77 

Phosphotungstic acid reduction by 
sugars of, 57 
Photosynthesis, 05 
Phremosin, 93, 114 
in nervous tissue*, 254 
Phrcuiosmic acid, 93, 114 
Phthiorol, 349 
Physical chemistry, 4 
n'view (|uestions on, 39 
Physiological ch<*niistry, dc'finition of, 1 
Halation to biochemistry of, 1 
Phytiii, 252 

Phytochemistry, relation to biochemis¬ 
try of, 1 
Phytosterol, 115 

licric acid, rt^duction by sugars of, 57 
Pitoein, 327 
1’itrc‘ssin, 327 
Pituitary gland, 324 
adrenal cortex-stimulating hormone 
of, 326 

anterior lobe of, 325 
dialH'togenic hormone of, 326 
effects on blexKi sugar of, 312 
gonad-stimulnting hormone of, 327 
growtii hormone of, 326 
lac*togenic hormone of, 327 
pancreas-stimulating hormone of, 326 
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PituiUxy gland* parathyroid-tdimulating 
hormone of* 326 
pare intermedia of, 328 
posterior lobe of, 327 
tbyn>id-«tiniulutiiig hormone of, 326 
Ilaccnta. 322, 324 
Plasma, blood, 261 
muscle, 251 
Plasmolysis, 7 
Plasmoptysia, 7 
Polarisco|)e, Hi! 

Polarized liglit, 32 
l*olen.ske nunilMT, 107 
Polyhy<lric uicohols, n'lution t(» sugsirs of, 
50, 58 

l*olyneurit is, 350 
I*olyi»«*ptide, foriiiulu for, l..n 
PoIyiM'ptnies 133, lin> 

Polysiiccharides, 43, 7ti 
iinrnuno, S5 
Polyuria, 204 
Poppyseed oil, KX) 

PorpoLM* oil, 03 

J’otassiurii, in A<ldiMon\s di.M*n>e, 3!ft 
in fo<»ds, 140 

physiological iinj>ortance of, 150 
Potassiuiii {HTmangunate, reduction l»y 
sugrirK (»f, 57 
P-P factor, 350 
Precipitin t4*st for blood, 2riS 
Pn-gmincy, test for, ;124 
lV<*gnan4>diiil, 323 
PresM)r activity of pituitary, 327 
PnxTizyine, 107 
Progest-erone, 321, 323 
I’ndactin, 327 
Prolainines, 132 
Prolin/isc, 100, I7l 
Proliin‘, 123 

(lerivaticui fnuii glutaniic a<-id of, 12*0 
origin from ornitliine of, 220 
Pnmtosil, 284 
Prost‘rretin, Pl2 
Prr)t:imine>insuHn, 311 
Protaiiiine«zinr‘-insuiin, 311 
Pn)tainines, 132, 13^1 
ProtefiiiH, i:i:i, 135 
Proteast‘8, 168, 170 
pancreatic, 102 
ProtecUvc colloids, 31 


Protective synthesis, 53,202,301 
Protein, crude, 137 
determination of, 137 
Protein allerg^v, b'iO 
l*rou4ti metaUilisin, 226, 227 
A'vicw questions on, 240 
use of isotojM^H in, 227 
ProUin pnH'ipitation, chemical explana¬ 
tion of, 141 

colloidal explanation of, 140 
Pn>tein anlts, 141 
Pn>l4*in structun*, 129 
Proteinates, 141 
Prf»U'ins, 120 
altsorption of, 198 
biological value of, 2<37 
biologically complete, 237 
classihention of, 132 
coagulated, 13^1, 135 
color A‘actinns of, 137 
4>onjugated, 132, 133, 134 
ifinvcrsiou into fat of, 223 
daily n'qnireincnts of, 227 
derived, 133, 135 
dt‘t4*nnination of, 137 
energy in, 243 
in eggs, 159 
in milk, 155 

molecular weight of, 130 
muM'U^, 251 
precipitation of, 140 
pniiiary dc-rived, 133, 135 
ract*niiz<*d, 131 
n*view fpiestions on, 146 
H. il of, 245 

secondary derived, 11^3, 134 
siinplts 132, 133 
siM'eific dynamic* ai'tion «»f, 2t8 
supi»lc‘inentary value of, 238 
vims, 134 

l'rot4*oseh, 133, 135, 186, 192 
Pnitliroinbin, 276 
relation to vitamin K of, 347 
Pnjtojs'ctin, 85 
Pnitoplusni, 2 
miniKisition of, 3 
Protoi>on>hyrin, 194, 265, 270 
Provitamins D, 342 
Ptyalin, 71, 169. 180 
action on starch of, 181 
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Ptyalin, conditions for activity of, 181 
Purine metai>oliRni, 2:14 
use of isotoiKs in, 2:i() 

PurincH, 142, 143 
in brain, 254 
in mnw‘U*H, 252 
synthcHis of, 235 
Purpun^a hcriiorrhuKi<‘a, 205 
Pus ill urine, 300 
Pylorus, 18;i 
l^ran, 04 
JVridoxiiic, :i57 
assay of, .358 

cflff'cts of deficiciH-y of, 358 
rcquirrnipnt.s, 358 
J^vriniiduies, 142, 14:i 
synthesis of, 2.30 
Pyroxylin, 82 

Pyruvic aci<i, iti cjirl)ohy<lr.Mf<* iuet;ibo- 
lisni, 208, 20<) 
in Krebs cy» li, 210 
origin from alnniiie of, 230 
Pyuria, :m 

Quiiihydnme electrode, 10 
Quiniiu* in malnriii, 281 

Itacciuic. >?lycerose, 37 
liaccini(‘ mixtures, 30 
n'solution of, 30 
Kaceim/f'il proteins, bU 
llaffinos(‘, 75 

hyilnilysis of, 75 f 

Kaiicidity, liy<lrolytic, 102 
of fats IInd oils, 102 
oxidative, l(r2 
RaiK' seed oil, IIK) 

Ibviuced sulfur 0‘st, 130 
lUnluctioM, biolopc.'d, 171 
Hefraetive inuex of fats and oib, Itll, 10.5 
Ueich(*rt-M<*issl number, 107 
of fats and oils^ H).5 
Hennin, 170, 18*1, 187 
in ch<*es* inakin^i, 1.57 
Hepniduetivo organs, 320 
Respiration, 3, 270 
chiuni *.*d chnuRi^s in, 278 
Respiration c,*dorimet4*r, diaKniin of, 214 
Respiratory quotient, 245 
Ri tinene, :i:M 


Rc‘view questions, on absorption, 20.; 
on }>l(xjd, 289 
on calorimetry, 250 
on carlKihydrato metaliolLsm, 20. 
on earlKihydrates, 88 
on eomiKisitioii of ti.SKues, 260 
on digestion in the mouth, 182 
on (‘iizymes, 177 
on f(K)ds, 101 
on gastnc digi'siion, 189 
on honnones, 328 
on intestiriiil digestion, 190 
on introduction, 3 
on lii>id metabolism, 225 
on lipids, 118 
on jihysicid (hemistry, 30 
oi probin metabolism, 240 
on proteins, 140 
on uriii(‘, .300 
on vitamins, .367 
IUiamnos(‘, 48 
l<ilM)llavin, :i.54 
.nssiiy of, .355 

eiiemical struct lire of, .354 
itTeits of deficiency of, 3.51 
n‘quin*meiils for, 354 
sourc(‘s of, .3.55 
</.|bbos<', 47, 48, 49, 173 
in mutiac acid, 144 
Rice t)il, 1(K) 

Ricinokie iieid, 93, t)4 
Rickets, 154, :m, :ws 
be me ash in, .344 
elitigimsis of, .344 
etTest e)f liglit e»n, .340 
etie»le>g>" of, :W9 
k)w*e*}deium, :k38 
lem-pliosphorus, 3:^8 
tyfH's e>f, :1:4s 
Rigor meirtis, 2,51 
Reietietle* stilt, .54 

Sacetiaric acid, ,54 
Sae*chtirimeU*r, ,34 
S.ie*etiiin)se', 7:4 

S.ihli’.s method fe»r hemoglobin, 270, 271 

S ehein, SS 

Saliva, ISO 

Selivary amylase*, 181 

Stdivary gkinds, 18(1 
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Sairain, K{2 * 

Salts. uf, li>l) 

Salvar»in, 2^ 

SajKuittif‘titir>n huiiiIht, 104, 10,) 
Sii|M)mfi<:ttioii n*a«ticiii, 101 

Sjircohim*. 

Srhwcrtwr’h n SI 
Scurvy, .iiO, Otvi 
S*M*n tiii, 1«»2. io:i, m) 

S(*liwaiM>fr’'s Ust, <»H 
Si'iniiKTinonhli iin inhiaur, o 
S<Tinc, 112 122 
Sc'siirnc oil, UK) 

(‘onvliiTil*'ol, 10r» 

S ‘N hornioiH"*, 114 
fj-nialc, .»2I 
:i20 

of julnMial kKifkI-, .til* 

SkntoU , in urine, .K)l 

oninn fioni tnptophane of, 201 
Skin, 2.V1 
aitiino, 2.V) 

;i* I \« p nwy iiPK m, 201 
\« KlO, 200 

Sleep. ( n* m\ n (]iiii(‘inet,t > Ouiiiig. 210 
Slipjv<l-t4'n«lon <1 in*i>m', ,‘101 
Snake \ei.oin, 110 
Stumtlni, 1(K) 

Soaps, Oo 

iorni I lion of, 05 
hard, <N) 
soft, 0<i 
/me, ‘Ki 

iSodpirn, in foods, 110 

j)h\siolomfal import-inci of, loO 
rt lation of .idreird ilids to iiketalio- 
lism of, .110 

Sodium ]>!< .iilM»nai4 m respiration, 277 
Sodium (liioiide, ])hysiolofqeal ini|H)i> 
tanei of, l.-jO 

Sodium eitral*, .7.7 
.Sodium 1 iur\l '•ulf.iti', tKi 
Soft |M)rk, 00 
S>l 27 

S)iiiiih(‘ation |K>int of fat.s and oiU, lOI, 
lOo 

Si ill It ions, 22 

eoilifpitivf‘ fm)iM*rtk*s of, 0 
liyiHulonie, 7 
hyiKitouie, 7 


Solutions, wotonicy 7 
noriuiil, 11 
{JiyHiolofdcal salt 7 
pn)|»ertu*K of, 5 
Ntatidard, 12 
d*Sorl>iU>l, 5() 

n'lation to suKiirs of, 42 
SonuisiMi titnilion, 127, 187 
SkiylM'iin oil, 100 

S|HH‘ific dyniitnie iictioii, 243, 244 
of amino aidds, 248 
of i*arlK)hydrat4*.s, 248 
of fut#s, 248 
of proteins, 248 

SiNMntic {gravity of fats and nils, 104, 106 
S|H‘cifie heat, 4 
SiMM’ifie nitation, 35 
of earhohydrateb, 07 
SlMTIll oil, 100 
S|M*rniaeeti, 108 
Sphint^omyelin, 100, 1«3 
in iii‘rvim.s tissue 274 
SphitiKosinol, 113, 114 
Spill'll cord, 2,73 
Spindle tree oil, 03 
Spry, 1(K) 

Slaehyose, 43 
Starch, 70 
animal, 80 

iliKehtion of, in intestine, 103 
in mouth, 180 
f;iuniile.s, 78 
iiiolectiinr \\f4Kht of, 77 
Miluhlc, 77 
t4*ht for, 77 
Uses of, 70 

Star\'ation, laisal midalKilic rate in, 248 

So-apsin, 102, lOt), 103 

Stearic aciil, l»3, 04 

St4‘rc(>l>ihri, UM, 200, 270 

StiTi-oLsoimTism, 3,5 

Siciols, 02, 114 

Stomach, ns endocrine orfi^an, 300 
digestion in, 183 
evaciiution of, 188 
structure of, 183 
StTCpUmifCi’a grurun, 288 . 

Stniptoinycin, 288 
Stroma of red <*<4 Lh, 262 
Stiiriii, 132 
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Suberic acid, 222 
Substrate, 163 

Succinic acid in Krebs cycle, 210 
Sucrase, 74, 169 
in intestinal juice, 190, 191 
in pancreatic juice, 193 
Sucrose, 73, 75 
action of alkali on, 52 
formula for, 75 
inversion of, 75 
Sugar threshold, 205 
Sugar-tolerance test, 282 
Sugars, lis reducing agents, 56 
compound, 44 
dosoxy, 45 

furanoS(‘ formula for, 64 
isomerism in, 45 
pyran(»s(j formul:i.s for, 64 
relation to alcohols of, 50, 58 
simple, 44 
sweetness of, 68 
Sulfadiaxiiu*, 285 
Sulfaguanidine, 285 
Sulfaniliiinidfs 284, 285 
Sulfapyridine, 285 
Sulfasuxidine, 285 
Sulfates, ethereal, 153 

in sulfur mt'talMilisiu, 236 
in urim*, 301 
inorganic, 15.3 

in sulfur m(*ta)ioli.sin, 
in urine, 301 
SulfatliiazoK', 285 
Sulfonamidi's, 284 
Sulfur, in foods, 140, 15.3 
isotopie, 218 
neutral, l.j;i 

in sulfur metabolisni, 237 
Sulfur metaholism, 236 
Sulfuric aeid in inueiii, 2.56 
Sunflower h(h'<1 oil, 100 
SurfaiY Uuision, 0 
SusiKUisioii, 22 
Sus{HUisoid, 26 
Synaiisc, 2511 
Synert'sis, 31 

Tallow, 93 

TaUqulst*s method for hemoglobin, 271 
d-Talose, 47 


Tartaric acid, 35, 38 
dextro, 35, 38 
Icvo, 35, 38 
meso, 36, 38 
racemic, 36, 38 
Tartronic acid, 97 
Taurine, 116 
in bile salts, 195 
origin from cysteine of, 105 
Taurocholic acid, 116, 195 
3 eeth, 255 

lemptTalure, regulation of body, 211 
Tendomucoid, 256 
Tendons, 255 
3Vrpcnes, 117 

Tt‘st(‘s, efT(Tts of removal of, 320 
3'estosterone, 321 
'retranuelcHilide, 145 
IVtrasaeeharides, 43 
3 etirosi's, 43 
Theclin, 322 
ThtM'lol, 323 
3''heobn)mine, 144 
33M*rm, 242 
33iianun(*, 3.50 
assiiy of, 353 
chemical nature of, 3.52 
(‘ffeet of lieat on, 352 
effect of ydl on, 352 
effects of defieieney of, 3.50 
requireinc'iits for, 3.53 
soure(‘s of, 3.52 
units of, 353 

3’hiamine hydrochloricU*, 3.52 
33iioclironM* method for assay of thia 
mine, 353 
3’hreonine, 122 

:is an essential amino acid, 2.'6) 
f/-33irtM>se, 46 
3''hreshold substances, 20.3 
3^hrombin, 275 
3'hromboplastin, 276 
lliymine, 14.3, 273 
33iymol bliu', 20 
33iyn'oglobulin, 313 
Thyroid gland, 312 
effi'cts f>f removal of, 313 
'rhyroid-stiniulating hormone, 326 
Thyroxin, 155, 313 
effect on blood sugar of, 312 
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Tissue, composition of, 251 
wmRcrtivc, 255 
ppithclnil, 254 
muscle, 251 
lUTvous, 253 

Tissue's, ivvic'v questions on, 

Titer lest, 104 
Titralabli* iw'idity, 12 
Titnuion, 12 
'I'ohttHX) fiiosuir, 134 
o-'ro<‘«|>heix>l, iM4, 340 
^i-Ti»copherol, 340 
7 -TrM*opht*rol, ;i46 

Tt>t»th, stnu'tvm* of, 257, 25!-% 

Topfer’s ls5 

Triiiminiiiiition in j)rot4‘in nu'inlMtUMii, 
228 

TmrisnM'tliylatioii, n'liitKm of rholint' lo, 
224 

Trio,s»*>, 13, 44 
'rris»<*<-hjuitK*s, 13, 75 
07 

'Irypsin, H>4, 170, 171 
in pancnsalir 102 

'rrypviiHJp'ii in iKUicn'uin* jnir<*, 102 
'l*rypt4>phan(', 123 

ronvi rsuin into inOoK* and skatnli of, 

201 

ti'st for, 130 
Tihik oil. HMl 
'rwiti’la II’n rca^i-iil, 101 
'ryndall pla'iionK'iuin, 21 

'r.vnM'idiii, 2 SS 
T\Tc»>^inas«‘, 170, 170 
Tyrosine, 123 

eonver^ion into i)hein I nf, 201 
test for, 138, 130 

Ultraini<*ros<‘oi)4*, 23, 21, 25 
rilraviol<*t relation to riekets <if, 

340 

['nsaiMinifiahle matter, 107 
of f.ata and oils, 105 
Uracil, 143 

Un*a, a.s diurt'tie, 2W 
(leterininatioii of, 200 
formation of, 230 
in urine, 290 
syntheKW of, 1 
Ua^ nitrogen in blood, 281 


Urease. 103, 164 
IVids, 142 
Uric a<*id, 143, 14*^ 
in birds and n*ptiles, 298 
in blood, 281 

in exembi of birtls and a»ptiies, 236 
in gput, 298 
ui kidney stoiH% 298 
in leuktuuia, 298 
in urine, 297 
origin of, 235 
from purines, 144 
Uricaso, 170 

Uriiuiry ealculi, ndalion u> vital.lin A of, 

Urinary siKliment, JU)5 
Urine, 291 

acetoaivtic acid in, 304 
ufTtoiie iMidies in, 304 
uUniniin in, !103 
aminonia in, 
apiM'anuiH* of, 
biiMMl in, 305 
earlKinntes in, 302 
easts in, .‘-100 
cIdori<k‘s ill, 3CK) 
color of, 294 
''oni)K>sition of, 297 
ereatine in, 299 
ereatiiiiiK* in, 298 
eresol in, Ittll 
eylindroids in, 300 
glucos(> ill, 302 
hippurie arid in, 2(K) 

^^-hydroxybutyric acid in, 304 
indiean in, 301, 302 
iiiorgaiiic constituents of, <*100 
lactoM* in, 3(Ki 

niien>s<‘opie exaininution of, <105 
neutral sulfur in, 301 
itfinnal const it uoiils of, 290 
mior of, 295 

orgaiiii' const it uents of, 296 

organic ])liosphoruK in, 301 

IMithological (‘oiistituentH of, 302 

phenol in, liOl 

phosphaU^s in, ;i01 

pus in, 306 

reaction of, 295 

review questions on, JlOO 
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